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1.0 EXECUTIVE SUMMARY

Radian was contracted by The U.S. Enviro
Emissions Measurement Branch, to conduct Volatile Org
emissions testing at four commercial bakeries. This test

from the Site 2 test program. Tests were conducted on

nmental Protection Agency,
lanic Compound (VOC)

report will present the results

variety of bakery ovens while

baking different product types. The test procedures used were the U.S. EPA Stationary
Source Testing Method 25A for VOCs and Method 18 for methane, ethanol and

acetaldehyde determinations. Method 25A was used to quantify total hydrocarbons

(THC). Method 18 was employed to quantify methane

nd two of the most prevalent

VOC compounds (acetaldehyde and ethanol) in the bakery emission stream. Flow rates

were measured using U.S. EPA Methods 1-4 and were used to calculate emission rates

of the above gas stream components.

As a part of the test program, process con

itions were monitored by a

separate U.S. EPA contractor. Research Triangle Instityte (RTI) monitored parameters

such as product type, production rates, yeast concentrati

n, proofing time and others.

This report will only present the emissions data collected by Radian and will not include

any process information. A separate report completed by RTI will incorporate the

emission values presented in this report with the specifig

Two sets of emission data were calculated.

bakery process information.

The first set presents VOC as

ethanol emissions calculated using the Method 25A and Method 18 methane test results.

(Ethanol concentrations typically made up over 98% of {

he total ethanol and

acetaldehyde concentrations). The second data set pres¢nts emission rates of ethanol

and acetaldehyde calculated from the Method 25A and the Method 18 ethanol and

acetaldehyde test results.

VOC as ethanol emissions were determineld by first averaging

concentrations of THC over the respective test period. Non-methane hydrocarbon

Site 2/CRP 1-1




concentrations were then determined by removing the methane concentration from the
THC values. VOC as ethanol concentrations were determined by dividing the
non-methane hydrocarbon concentration by the ethanol carbon equivalent correction
factor (CECF). The CECF was empirically determined during and following the test
program. The VOC as ethanol .concentrations were then multiplied by the respective

stack gas flow rates to determine VOC as ethanol emission rates.

Separate emissions rates of ethanol and acetaldehyde were calculated using
both the Method 25A THC and Method 18 test results. The average ethanol-to-THC
ratio was multiplied times the average THC concentration to determine an average
ethanol concentration and formulate a larger averaging data base within the testing time
period. Average acetaldehyde concentrations were calculated in the same manner. This
procedure assumed that the proportion of ethanol to THC and acetaldehyde to THC -
remained constant throughout the test period. This assumption did not prove always to
be true; however, concentrations determined in this manner were very similar to
concentrations determined by averaging the Method 18 results alone. Results from both
calculation methods are presented. Ethanol and acetaldehyde emission rates were then

calculated by multiplying the average concentrations by the stack gas flow rates.

1.1 VYOC as Ethanol Emissions

The Site 2 emissions ranged from 6.9 - 11.5 lbs/hr from Line 2, 17.8 Ibs/hr
from Line 1 and 40.9 Ibs/hr from Line 3. A complete listing of all test results is given in

Section 3.0 and in the attached Appendices.

1.2 Ethanol and Acetaldehyde Emissions
The Site 2 ethanol emissions ranged from 8.1 - 14.8 Ibs/hr for Line 1 oven, 22.2 Ibs/hr

for the Line 2 oven, and 64.6 1bs/hr for the Line 3 oven. The corresponding

Site 2/CRP 1-2



acetaldehyde rates were 0.24 - 0.42 Ibs/hr for Line 1, 0.8

lbs/hr for Line 3.

1.3 Data Quality Assurance

The majority of reference method QA accs
this test program. There were 10 days of testing using ty
Method 25A daily calibration drift did not exceed the cr
Site 2 test days. Over 150 Method 25A calibration errot
the test program. The majority of these calibration erro
criterion of +5% of the gas concentration. Method 25A]

O, leak checks were also completed.

Method 18 QA/QC procedures were also |

1 Ibs/hr for Line 2, and 2.5

tptance criteria were met during
vo THC monitoring systems .
terion of +3% on any of the
checks were performed during
r checks met the Method 25A

sample bias checks, as well as

followed. Initial and final

calibrations were performed. Calibrations for ethanol a

completed using 3 to S calibration points. Multi-point CI

on methane for low concentrations on all of the test day
Site 2 test day, a single point calibration was used on hig

procedure was not expected to effect data quality.

d acetaldehyde were all
librations were also performed
5 (< 900 ppmC). On the second

ther methane values. This

Sample bias checks were routinely conducted on the Method 18 sampling

system and the majority verified acceptable non-biased s
revealed sample bias caused by the loss of heat in the hq
the gas chromatograph (GC). These data points were i
discontinued until the problem was remedied and a sucd

completed. More is discussed on this matter in Section

1.4 Recommendations for Further Work

Further work is recommended to further ¢

to improve the test method. Compounds other than eth

Site 2/CRP 1-3
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pated sample tubing adjacent to
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b.0.

haracterize bakery emissions and

anol and acetaldehyde were not




detected by the Method 18 analyses. However, trace (<10 ppmv) levels of other
compounds may be present in the bakery stream and although these compounds would

not be expected to increase VOC emission rates, it would be interesting to identify them.

Another area which could be further examined is the comparison of
Method 18 GC results to the Method 25A THC results. It was expected that the
concentration of THC detected by the Method 25A analyzer would exceed the
concentrations of the three targeted VOC compounds. However, throughout this test
program, a higher concentration of compounds was determined by the GC than bv e
THC monitor. Comparisons were made by first correcting concentrations ¢ ‘ach
compound determined from the GC analysis from parts per million by volui:.c (pp.  to
ppmv as Carbon (ppmC). This was done using the previously mentioned CECF of 1.42
fe anol, 1.23 for acetaldehyde, and 1 for methane. The sum of the three corrected -
G- oncentrations were then divided by the THC concentration. Typically, comparisons
resulted in values of 120-140% of GC vs THC values. This error may be a result of
inaccuracy in the CECF as it was applied to the sample gas matrix. Matrix effects may
have somehow lowered the THC response (CECF) for ethanol as compared to the
ethanol response in a dry, nitrogen calibration gas. Further work examining this Method

18 d Method 25A results comparison could be examined.

Site 2/CRP 1-4



20 INTRODUCTION

21 Overview

The U.S. Environmental Protection Agency (U.S. EPA) has been requested

to develop an alternative control technique (ACT) guidapce document for controlling

Volatile Organic Carbon (VOC) emissions from commercial baking operations. Interest

has also been expressed in recalculating the AP-42' emission factors for bakery VOC

emissions. Ethanol (C,H;OH) is the primary pollutant emitted from commercial

bakeries.? Ethanol along with Carbon Dioxide (CO,) is

metabolic process. Previous test data from bakeries has

broduced during the yeast

also revealed the presence of

acetaldehyde (CH,CHO).? Therefore, in conjunction with the development of an ACT

document and new AP-42 emission factors, the U.S. EPA has contracted Radian

Corporation to perform emissions testing of several commercial bakeries in order to

gather the necessary background emissions data. This rgport will present the results of

the U.S. EPA Bakeries test program for Site 2.

The test procedures used were the U.S. ER

Method 25A for VOCs and Method 18 for methane, eth
determinations. Method 25A was used to quantify total

18 was employed to quantify methane and two of the mg

'A Stationary Source Testing
anol and acetaldehyde
hydrocarbons (THC). Method

st prevalent VOC compounds

(acetaldehyde and ethanol) in the bakery emission stream. By combining both

procedures, the VOC emissions were fully characterized.

As a part of this data gathering phase, U.S

L EPA contracted Research

Triangle Institute (RTI) to monitor the baking process pprameters during the emissions

'Compilation of Air Pollutant Emission Factors, Sect

?Background Documentation for AP-42, Section 6.13
(1972).

Site 2/CRP 2-1
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tests. Items such as dough mixing process, fermentation (proofing) time, yeast
concentration, production rates and others were monitored. However, this report will
only present emissions data, that will be used with the process and production rate data

to develop emission factors that will be presented in a separate document.

22 Test Objectives

The objectives of this test program was to determine VOC emission rates
as well as ethanol and acetaldehyde emission rates. The data could then be used to
determine of which air pollution control techniques would be effective for the bakery
industry. As discussed above, it was also desirable to correlate the emissions data with

process data to update and/or verify the emission factors for commercial bakeries.
23 Test Methods

Because each oven had at least two stacks, concentrations of THC were
continuously and simultaneously monitored on each stack using two THC continuous
emissions monitoring systems (CEMS). The THC data was typically recorded on every
10 seconds a computer disk. The resulting THC data were then averaged over each
period of time corresponding to a distinct segment of the process operation (i.e., 30
minute sandwich bread baking process). Methane, ethanol and acetaldehyde
concentrations were measured semi-continuously using discrete analyses by a Gas
Chromatograph/Flame Ionization Detector (GC/FID). One GC/FID analyzer was used
for this test program. One analysis of methane, acetaldehyde, and ethanol could be
completed every 10 minutes; therefore, a full oven characterization could be completed

every 20 minutes (2 stacks per oven).

Method 25A and Method 18 required extracting a sample stream of the gas
from the stack through a heated Teflon® tube. A portion of the sample was directed to

a THC analyzer which quantified THC on a real-time basis by a Flame Ionization

Site 2/CRP 2-2



Detector (FID). The THC analyzer processes unconditig
concentrations are characterized ppmv, on a wet basis. 4
stream was directed to the Method 18 gas chromatograp

individual hydrocarbons which were quantified with the

Gas flow rate was determined by using the

nal gas samples; therefore,

A portion of the remaining gas

. The GC column separated
D.

U.S. EPA Method 2. This

method called for measuring the velocity of the gas stream and by multiplying it by the

stack cross-sectional area, a volumetric flow rate was det
for point location determination to be made by Method
Method 3 and moisture content by Method 4.

24 Data Reduction
As previously discussed, two sets of emissig
first set presents VOC as ethanol emissions calculated ug
Method 18 methane test results. The second data set pr
and acetaldehyde calculated from the Method 25A and t

acetaldehyde test results. The data reduction methods u

following paragraphs.

Method 25A requires THC data to be repq
as Carbon (ppmC). Preliminary THC concentrations in
compound (i.e., propane) are multiplied by that respectiy
correction factor (CECF) to correct the units to ppmC.

and propane are 1, 2 and 3, respectively. For example, i

ermined. Method 2 also called

I, CO, and O, concentrations by

n data were calculated. The
ing the Method 25A and the
psents emission rates of ethanol
he Method 18 ethanol and

sed are summarized in the

rted in units of parts per million
inits of ppmv as the calibration
re compound’s carbon equivalent
The CECF for methane, ethane
the Method 25A monitor was

calibrated with propane, all resulting concentrations would be multiplied by the propane

CECEF of 3 to correct the concentration from ppmv as propane to ppmC. The THC

values can be converted to ppmv of the compound of interest if 1) the specific CECF is

known, and 2) the compound proportion of THC is kno

. For this test program, the

THC monitors were calibrated with methane which has 3 CECF of 1, so the resulting

Site 2/CRP 2-3




THC data was already in units of ppmC. However, correcting the THC concentration to
VOC as ethanol concentration did require dividing the average non-methane THC
concentration by the ethanol CECF. This process assumed that the non-methane
hydrocarbons were made up entirely of ethanol. The resulting VOC as ethanol
concentrations were then multiplied by the stack gas flow rates in order to determine

YOC as ethanol emission rates.

Ethanol and acetaldehyde emissions were also calculated. Average ethanol
and acetaldehyde concentrations were calculated by averaging the multiple Method 18
analytical results. However, only three Method 18 data points (per compound) were
typically acquired per hour. In order to increase the number of data points in a given
time period, the continuous Method 25A data was also used. An average
ethanol-to-THC proportion from the above three analyses was calculated and then
multiplied by the average THC value to calculate an average ethanol concentration.
This method assumes that the ethanol-to-THC proportion is constant throughout the test

run. Acetaldehyde calculations were performed in the same manner.

All data reduction procedures are fully explained in Section 7.0

2.6 Report Organization

A summary of the test results is presented in Section 3, a description of
typical Oven Configurations and Sampling Locations is given in Section 4, and Sampling
and Analytical Procedures are discussed in Section 5. Quality Assurance (QA) is
presented in Section 6, and Data Reduction Procedures in Section 7. All field data and

supporting calculations are included in the Appendices.

Site 2/CRP 2.4



3.0 EMISSIONS RESULTS SUMMARY
This section will present the final results fo

emissions test program. All raw data and calculations ar

31 Test Program Summary

Four test sites were tested using Method 21
Method 18 for methane, ethane, ethanol and acetaldehyd
determinations. One of the test objectives was to quantif
represent only the photochemically reactive volatile orgaj
compounds such as methane and ethane are subtracted f;
determining VOC concentrations. The VOC concentrati
report were calculated by assuming that all of the non-m
the Method 25A tests were comprised of ethanol. This v
four test sites as ethanol concentrations determined from
typically made up over 98% of the total ethanol and acef
VOCGs).

In Section 3, two sets of emissions data ar
presents emissions of VOC as ethanol as discussed abovd
ethanol was calculated by dividing the non-methane hydr
of ppmC by the ethanol THC Carbon Equivalent Correc
determined by observing the response of the THC analy3

r the U.S. EPA Bakery Site 2

e included in the Appendices.

A for THC determinations and
e concentrations

'y the VOC emissions which

nic compounds. Non-reactive
fom the THC concentrations for_
pns and emissions for this test
ethane hydrocarbons detected by
yas consistently observed at all
the Method 18 analyses

aldehyde concentrations (target

p given. The first data set

. The VOC concentration as
pcarbon concentration in units
tion Factor. The CECF was

er to known concentrations of

ethanol. The second data set presents emissions of ethanol and acetaldehyde emissions

determined from the Method 18 ethanol and acetaldehyc
Emissions were calculated by multiplying the respective
stack gas flow rate by the methods discussed above. All

Section 7.0.
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e results and the THC results.
tack gas concentrations by the

calculations are shown in




Methane concentrations were higher than expected during the test program
which did not allow for the resolution of the ethane GC peak at three of the test sites.
However, ethane concentrations were expected to be fairly low and so the error in

determining VOC is expected to be minimal.

The emissions of both direct- and indirect-fired ovens were measured (see
Section 4.1.2) while baking a variety of bakery products. Production rate is the most
critical factor related to the quantity of bakery VOC emissions. However, as discussed in
the previous section, no product information or process data will be given in this report.
The general category of ovens tested will be identified, differentiating direct-fired from

indirect-fired and bread from bun ovens.

Thirty test runs were conducted for a typical sample period of 1 hour.
Some of the runs were shorter than an hour due to the stoppage of the product being
baked. Emissions was measured from only a single product at one time. Time periods
when the ovens were in transient conditions, either from start up/shut down occurrences
or from product changes or gaps in the product feed, were not included in the reported

data base. However, all of the field data is included in the Appendices.

A general description of the commercial baking process and bakery ovens
along with the types of ovens tested at each test site is given in Section 4. A total of two
or three stacks were tested simultaneously from each oven. The total oven emissions
were calculated by totaling the emissions from each of the stacks. Emissions from
comfort hood stacks (see Figure 4-1) were not originally intended to be tested.

However, it was noticed during the Site 2 test program that these emissions represented
a significant portion of the total oven emission rates and from that point on, comfort

hood emissions were tested.

32 Site 2 Test Results
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A small bun oven, a small bread oven and
at Site 2. These ovens were identified as Lines 1, 2, and|
ovens were tested with the CEM trailer location; howevg

test the third oven (Bread, Line 3).

All of the ovens tested at Site 2 had comfa
by an axial fan roof ventilator. There were no duct worl
the U.S. EPA Method 1 specifications were not met. FI;
taken directly at or after the fan since the gas was vente
Figure 4-6). Therefore, the resulting emission rates may

measurement error.

The oven on Line 1 predominantly bakes Y
stack as well as a comfort hood vent. The comfort hood
the test and may not have operated for sometime. Gas
natural drafting of the hot gases at velocities of 50-300 fj
approximately 150°F.

The Line 2 was an indirect-fired unit. The
stack located in the front of the oven with the burner st4g

oven, there was a comfort hood which was vented by a 3

a larger bread oven were tested
3, respectively. The first two

1, the trailer had to be moved

rt hoods which were exhausted
t following the fan; therefore,
bw measurements had to be

i to atmosphere (see

have a higher degree of

-—

juns. There was a front and rear
fan was not operating during
flow was induced strictly by

bm and at temperatures of

oven gases were vented from a
ck in the rear. As with the Bun

xial fan roof ventilator. There

was no gas ductwork following the fan; therefore, the fl

measurement could not be

made at a location in accordance with U.S. EPA Method 1 procedures. Flows were

estimated using both velocity pressure measurements angl hot-wire anemometer

measurements.
The Line 3 bread oven was a direct-fired u

approximately 90 feet apart and a comfort hood. The fr

alternately sampled using the same sample system and Ti

Site 2/CRP 3-3
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32.1 Site 2 Test Log

Seven emissions test runs (Runs 6-12) were conducted on June 17 and 18,
1992. Runs 6 and 10 were conducted on the Line 2 Bread oven, Run 7 was conducted
on the Line 1 Bun oven, Runs 8,9 and 11 were conducted on the Line 1 and 2 comfort
hoods, and Run 12 was conducted on the Line 3 bread oven stack. Five of the seven test
runs were conducted on two ovens. Table 3-1 presents a summary of the Site 2

sampling activities.

322 Site 2 VOC as Ethanol Emissions Test Results

Table 3-2 presents the VOC as ethanol test results. The table presents
THC concentrations (including methane) as well as VOC concentrations derived by
removing the methane concentrations from the THC values (ppmC/wet).
Concentrations of VOCs are also given in ppmv as ethanol, calculated as discussed
above. Emission rates from each stack are calculated from the VOC as ethanol
concentrations. The total oven VOC emissions are then calculated by totaling the

emissions from both vent stacks.

323 Site 2 Ethanol and Acetaldehyde Emission Test Results

Table 3-3 presents the emission rates of ethanol and acetaldehyde and
concentrations determined in two ways. The first method reports the ethanol
concentration determined by averaging the results of the Method 18 analyses. The
second method multiplies the average ethanol-to-THC ratio by the average THC value
to determine average ethanol concentrations. The second method assumes a constant
ethanol-to-THC proportion and by using the continuous THC data base (THC values
every minute), incorporates a much larger data base for averaging. Ethanoi emissions
are calculated from concentrations determined by both methods. However, the total

oven emissions were determined from concentrations using the THC data. Acetaldehyde

Site 2/CRP 3-4



Table 3-1

Site 2 Bakery VOC Emissions Test Log EPA Bakeries (1992)

6 6/17/92 | 11:33-13:00 Bread E 3 0

7 6/17/92 | 15:17-16:14 Bun F 4 3

8 6/17/92 | 16:22-16:26 Bun Comfort|Hood 1 |NA?
Only

9 6/17/92 | 16:40-16:43 Bread Comfart Hood 0 NA
Only

10 6/17/92 | 16:47-17:47 Bread G 3 4

11 6/17/92 | 18:36-18:44 Bun/Bread Cjomfort 0 0
Hood Only

12 6/18/92 | 15:22-19:13 Bread H 5 10

3NA = Runs 8 and 9 were conducted on a single stack (comfort hood) for each run.

- ________________________________________|]
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values were calculated similarly. All data reduction procedures is given in Section 7.

324 Site 2 Method 25A and Method 18 Results

This section presents the results from the Method 18 analyses. The
Method 25A THC concentrations are given for same time period that the GC injections
were made. Typically, three injections were made during a test run at a specific sample
location. The concentrations were then averaged. Some GC injections were made that
did not fall into the test run time-frame. Results from these analyses are presented in
the tables but are not included in the averages. Ethanol-to-THC and
acetaldehyde-to-THC ratios were calculated for each injection as well. The ethanol and
acetaldehyde values were not corrected to ppmC for this calculation; therefore, these
values cannot be considered volumetric proportions of the THC stream. Their purpose
was to be multiplied by the average THC value to calculate average methane, ethanol,
and acetaldehyde concentrations. This allowed ethanol and acetaldehyde concentrations

to be calculated without incorporating the additional methane analysis.

Finally, a comparison of the total concentration of the three target
compounds detected by the GC was made with the THC values for each discrete
injection. This parameter is not required by the reference method QA procedures, but it
was originally thought to be an indication what proportion of THC the three target
compounds represented. It was expected that the sum of the GC concentrations would
be somewhat lower that the total THC concentration taking into account trace
concentrations of organics in the gas stream that were not detected by the GC analyses.
However, this comparison may not be sufficiently accurate. The average ratio is

calculated as follows:

Site 2/CRP 3-10
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The CECFs used for tilis test program were determined by challenging the THC analyzer
with known, certified concentrations of ethanol and acetaldehyde and recording the
response. For example, if a 200 ppmv ethanol gas standard responded as 300 ppmC
THC, then the ethanol CECF was 1.5. The CECFs were determined over the entire
range of concentrations observed during the test program. It is difficult to predict
whether the THC analyzer responded to the ethanol in the bakery sample gas matrix the
same (quantitatively) as to ethanol in a clean, dry calibration gas. Both sample gas
moisture levels and O, levels were different than the calibration gas matrix (dry, N,
balance). The unexpected high GC/THC ratios (> 100%) may have resulted from a
variability in the actual sample CECF.

Tables 3-4 and 3-5 present the Method 25A and Method 18 analytical
results from the oven stacks and burner stacks, respectively. The ethanol-to-THC

proportions for the Line 1 and Line 2 oven front stacks were approximately 0.8-0.9.

The Method 25A and Method 18 results for Site 2 are presented
graphically in Figures 3-1 through 3-7, respectively. Method 18 concentrations have been

corrected to ppmC for these plots.
325 Stack Gas Flow Rates

Table 3-6 presents the stack gas flow rates determined for the Site 2 oven
stacks. Flows were not corrected to a dry basis since Method 25A and 18 concentrations
were determined on a wet basis and emissions calculations required both flows and
concentrations be consistently on the same basis (wet or dry). Moisture content values

are included in the Appendix.
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Table 3—4. Method 25A and Method 18 Em
Front Stack, EPA Bakeries, Site 2 (1992).

ssions Tests Results,

FRONT/OVEN STACK
RUN| TIME METHOD METHOOD 18 GC RESULTS GC/THC THC PROPORTIONS ©
25A THC | ETHANOL |METHANE ¢ | ACET- | RATIO ® | ETH/THC| CH4/THG AA/THC
RESULTS®* | : ALDEHYDE RATIO | RATIO | RATIO
(ppmClwet) | (ppmv/wet] (ppmviwet) | (ppmv/pet) | (%)
6 |11:32:49 1042.9 1062 | 0.00/0.83 37.8| 149.223 1018| 0002 0.036
6 [11:4549 1647.3 1338 | 3.60/0.67 29.6| 117.849 0.812 0.003 0.018
6 |11:55:49 1594.4 1460 | 2.30/1.26 49.8| 134.172 0916  0.003 0.031
6 AVG 1637.5|  1286.7 3.8 Bo.1| 1387/ 0915 0003 0.028
12:06:49 1696.8 1201 6.5 786 101.462 0708 0000  0.005
7 115:17:30 1778.2 1490 | 4.82/17.1 62.5| 125.506 0.838| 0.022 0.035
- 7 |15:35:54 1590.6 1300 | 3.54/12.4 532! 121.951 0817 0018 0.033
7 11555454 1801.3 1530 | 4.72/19.0 65.1| 127.428 0849 0.024 0.036
7 116:13:54 1792.9 1530 | 4.75/8.80 59.5| 126.507 0.853 0.012 0.033
7 AVG 1724.3] 14825 33.1} Bo.1; 1253 0839 0019 0.034
8 |16:24:34 11739 1041 | 1.80/5.70 26.6| 129.835 0887 0.011 0.023
8 AVG 115751  1041.0] 18.2] Pes| 1298 0887/ 0011| 0.023
10 | 16:56:39 681.0 550 | 2.28/0.21 17.1| 118.173 0.808|  0.004 0.025
10 |17:15:09 646.2 532|2.34/0.20 17| 120.564 0.823| 0.004 0.026!
|
- 10 | 17:34:09 701.2 445 | 2.54/0.00 14| 929283 0635 0.004 o.ozo‘
SN ‘
10 AVG 6898  509.0| 27| 16.0/ 110.6| 0.755] . 0.004| 0.024]
2 THC averages caiculated from the full CEM data base (not just the abdve entries)

® GC/THC RATIO = (ETOH/1.42+AA/1.23+CH4)/THC * 100 where: 1.4

¢ THC proportions were calculated as:ETH/THC = ppmv ethanol/ppmC
d Methane/Ethane Values are reported here. Averages are in units of p|

1.23 = Acetaidehyde CECF

3-13

2 = Ethanol CECF

THC, CH4/THC = ppmv CH4/ pmC THC,
pmC. AA/THC = ppmv acetaldehyde/ ppmC THC




Table 3—4. Method 25A and Method 18 Emissions Tests Results (cont),
Front Stacks, EPA Bakeries, Site 2 (1992).

FRONT/OVEN STACK
RUN| TIME METHOD METHOD 18 GC RESULTS GC/THC| THC PROPORTIONS ¢
‘ 25A THC |ETHANOL [METHANE| ACET- | RATIO® |ETH/THC|CHa/THC AA/THC
RESULTS® | ALDEHYDE RATIO | RATIO | RATIO
(ppmC/lwet) | (ppmv/wet] (ppmv (ppmviwet) | (%)
NA 16.21:55 813.4 2900 491 97.7 609.9 3.565 0.604 0.120
12 [ 16:03:.46 4250.1 3290 826 125 133.0 0.774 0.194 0.028
12 | 18:23:16 3907.5 2590 1411 81.4 133.1 0.663 0.361 0.023 i
12 | 18:42:16 45885 2390 1540 131 111.0 0.521 0.336 0.029
12 [19:01:16 4320.7 2840 1330 102 127.0 0.657 0.308 -0.024
12 AVG 41142 27775 1193.04 1055 126.0 1.352 0.402 0.049

2 THC averages calculated from the full CEM data base (not just tbé Above entries)
b GC/THC RATIO = (ETOH/1.42+AA/1.23+CH4)/THC * 100 where: 1.42 = Ethanol CECF
1.23 = Acetaldehyde CECF

¢ THC proportions were calculated as:ETH/THC = ppmv ethanol/ppmC THC, CH4/THC = ppmv CH4/ pmC THC,

3-14

AA/THC = ppmv acetaldehyde/ ppmC THC



Table 3—5. Method 25A and Method 18 Emissions Tests Results,

Rear Stack, EPA Bakeries, Site 2 (1992).

- . REAR/BURNER STACK
RUN! TIME . METHOD METHOD 18 GC RESULTS | F GC/THC | THC PROPORTIONS ©

25A THC |ETHANOL [METHANE ¢ | ACET- | RATIO® | ETH/THC CH4/THC, AA/THC

RESULTS® ;v : : - ALDEImE [ ‘ . RATIO RATIO RATIO

(ppmC/wet) | (ppmv/wet] (ppmv/wet) | (ppmv/wet) | (%)
7 |15:27:54 1763.4 1200.0 | 3.76/13.99 50.1| 101.918 0.834 0.018 0.035
7 |15:45:54 1475.7 1250.0 | 4.10/14.8 499 | 126.723 0.847 0.023 0.034
7 |16:03:54 1166.1 1120.0 | 2.57/8.80 38.5| 142.170 0.960 0.017 0.033
) 7 AVG 13989/ 11900 28.5 ~lag2] 129.6| 0.880] 0.019] 0.094
10 | 16:48:09 56.3 85.72.02/.53 463| 231.935 1.523 0.055 0.082
10 | 17:06:09 57.2 195.0 | 3.85/ND 7.24| 499.841 3.410 0.067 0.127
10 | 17:24:39 38.0 97.8 | 2.54/ND 46| 380.360 2574 0.067 0.121
10 | 17:44:09 51.8 115.0| 1.96/0.59 496 333.332 2222 0.061 0.096
10| AVG | 9840 1294! 82| ' |54 9614 2432 0062| 0.106
3 THC averages calculated from the full CEM data base (not just the abgve entries)

b GC/THC RATIO = (ETOH/1.42+AA/1.23+CH4)/THC * 100 where: 1.4

ND = Not detected

¢ THC proportions were calculated as:ETH/THC = ppmyv ethanol/ppmC
4 Methane/Ethane values reported here. Averages in units ppmC.

3-15

2 = Ethanol CECF
1.23 = Acetaidehyde CECF
THC, CH4/THC = ppmv CH4/ pmC THC,

AA/THC = ppmv acetaldehyde/ ppmC THC




Table 3—5. Method 25A and Method 18 Emissions Tests Results (cont),
Rear Stacks, EPA Bakeries, Site 2 (1992).

® GC/THC RATIO = (ETOH/1.42+AA/1.23+CH4)/THC * 100 where: 1.42 = Ethanol CECF
1.23 = Acetaldehyde CECF
¢ THC proportions were calculated as:ETH/THC = ppmv ethanol/ppmC THC, CH4/THC = ppmyv CH4/ pmC THC,

AA/THC = ppmv acetaldehyde/ ppmC THC

3-16

REAR/BURNER STACK
RUN| TIME METHOD METHOD 18 GC RESULTS GC/THC THC PROPORTIONS ©
25A THC | ETHANOL | METHANE ACET- | RATIO * | ETH/THC CH4/THC| AA/THC

RESULTS® | e | ALDEHYDE RATIO | RATIO | RATIO

(ppmClwel) | (ppmv/wet] (ppmv/wet) | (ppmviwet) | (%)
12 | 1554 3146.6 1710.0 1980.0 78.4 143.2 0.543 0.629 0.025
12 |16:12:46 3105.4 17500 1550.0 82.0 133.2 0.564 0.499 0026
12 | 16:30:46 2944 .3 1820.0 1970.0 78.2 158.0 0618 0.669 0.027
12 116:49:16 2900.5 1580.0 185.0 19.0 845 0.545 0.064 0.007
12 | 17:22:46 3040.4 1220.0 1990.0 723 1254 0.401 0.655 0.024
12 |17:52:46 2974.9 1390.0 2050.0 74.3 138.3 0.467 0.689 0.025
12 |18:04:16 2798.2 1480.0 2030.0 66.7 150.6 0.509 0.698 0.023|
12 |18:33:16 2934.0 1660.0 1960.0 76.9 150.4 0.566 0668 0026
12 [18:51.46 3177.2 1850.0 1940.0 83.4 147.0 0.582 0611 0.026
12 [19:10:16 3259.6 2050.0 2110.0 86.4 157.3 0.629 0.647 0.027
12 AVG | 2992, 16510}  17765|  71.8| 1388| 0542] 0583 0.024

3 THC averages calcutated from the full CEM data base (not just the above entries)
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Site 2 (1992)

Table 3—6. Summary of Flue Gas Sampling Parameters

Stack Gas

Run Number | Location Barometric Stack Gas Volumetric Volumetric
Temperature Pressure Static Pressure Flow Rate Flow Rate
(deg F) (in. Hg) (in H20) (acfm) (scfm)
Run 6 Front 230 30.21 0.1 1216 939
Burner 316 30.21 -0.05 1,083 744 |
Run?7 Front 269 30.21 -0.1 1,116 811
Rear 309 30.21 -0.2 1,816 1,251
Run 8 Comfort 207 30.21 0 467 37
Run 9 I Comfort 108 30.21 0 5,585 5242
Run 10 Front 230 30.21 -0.1 1,216 939
Burner 316 30.21 -0.2 1,083 | 744
Run 11 L1 CH. 207 30.21 0 467 371
L2 CH. 108 30.21 0 5,585 5,242
Front 216 30.01 -0.25 2,593 2,013
Run 12 Comfort 100 30.01 0 742.45 702.12
Rear 214 29.75 ~0.15 251222 1957
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33 Carbon Equivalent Correction Factor Detefmination

Table 3-7 presents the ethanol carbon equiyalent correction factor (CECF)

determination. As discussed before, the CECF is the relptive response of the THC

analyzer in units of ppmC to known concentrations of ethanol. The CECF was

determined for both ethanol and acetaldehyde by observing the response of the THC

analyzer in units of ppmC to known gas concentrations of the two target compounds.

The observed response was divided by the known concerjtration to determine the CECF

value. This was done both in the field and in the labora

tory. Ethanol challenges were

made in the field at only one concentration (typically 200 ppmv); therefore, it was

decided to develop the ethanol CECF over a much wide

were encountered in the field. The CECF value used fo

- range of concentrations that

F this test program was

determined in the laboratory using a wide range of ethanol concentration. The average

CECF for ethanol was determined to be 1.42. The on-site ethanol QC challenges are

presented in Section 6.0.

Table 3-8 presents the acetaldehyde CECF|determination. This procedure

was performed in the field with a single concentration off acetaldehyde. Only relatively

low sample concentrations were observed during the test| program (< 50 ppmv);

therefore, extensive CECF development did not need to

acetaldehyde CECF used for this test program was 1.23.

Site 2/CRP 3-25
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Table 2-7. In-House Ethanol Carbon Equivalent Corretion
Factor Determination. EPA BAkeries (1992)

Ethanol Carbon
QC Gas Instrument Equivalent
Conc. Response Correction
(ppmC) (ppmC) Factor
~ 498 628 1.26
1000 1294 1.29
1470 2055 1.40
2000 2773 1.39
1470 2022 1.38
1470 2097 1.43
498 732 1.47
1000 1499 1.50
1470 2287 1.56
2000 2997 1.50
AVG 1.42
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Table 2-8. Acetaldehyde Carbon Equivalent Correction
Factor Determination. EPA BAkeries (1992)

System 1 System 2

Ethanol THC Ca;bgon THC Carbon
QC Gas Instrument Equivalent Instrument | Equivalent
Test Conc. Response Corregtion Response |Correction

Site Day (ppmC) {ppmC) Factor (ppmC) Factor
1 2 82.5 101.5 1.23 103.5 1.25
3 2 82.5 98.9 1.20 101 1.22
4 3 82.5 103.5 1.25 107 1.30
4 4 82.5 DOWN 100.5 1.22
AVG 1.23 AVG 1.26
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4.0 OVEN CONFIGURATIONS AND SAMPL

This section presents a general discussion

sampling port locations, and flow traverse point locations.

[ING LOCATIONS

f the oven stack locations,

Specific information is given

for the Site 2 test program. The U.S. EPA Method 1 gujdelines were used to determine

the majority of test locations measuring gas flow rates. ]

were taken from the same port that the flow measureme

point was located near the centroid of the duct (centrally

cross-section). All locations were at least 2 diameters uf

to the atmosphere as required in Method 25A.
4.1 General Process Description
The following sections present a general dd
and commercial baking ovens. It is not within the scope;
detailed process information or production rates; therefd
meant to familiarize the reader of the general principles
commercial baking industry.

4.1.1 Baking Process Description’

Bread baking at large commercial bread
process consisting of high-speed production lines with o
20,000 pounds or more of bread per hour. The process

water, sugar, and yeast to form dough, thereby initiating

biochemical changes which ends in the oven where the H

! Compilation of Air Pollutant Emission Factors (AP
(Final Draft 1991)

Site 2/CRP 4-1

Method 25A and 18 samples
nts were made. The sample
 located 10% area of the stack

)stream from the gas discharge

scription of the baking process
of this document to present
re, these descriptions are only

and equipment used in the

bvtkeries is a highly-mechanized

ns capable of baking

starts with the mixing of flour,
a long series of complex

read is baked.

42), Chapter 13.01, Bread Baking




There are four basic types of dough mixing processes: sponge dough,
straight dough, brew, and continuous mix ("no-time"). These processes vary in the
manner in which the various dough ingredients are mixed which determines the
fermentation time available. Fermentation time can vary from 20 minutes or less for the
continuous mix or "no-time" process, to 5 hours or more in the sponge dough process.
The continuous mix or "no-time" process consists of mixing all of the dough ingredients
at the same time; therefore, the fermentation time is minimized by using processing
agents and higher temperatures. Sponge dough is formed when two-thirds of the flour,
part of the water and the yeast are initially mixed and allowed to ferment before the

remaining ingredients are added.

The baking process actually occurs in the oven which causes expansion of
the loaf to final volume, crust formation, yeast and enzymatic activity inactivation, B
coagulation of dough proteins, partial gelatinization of starch, and reduction of loaf
moisture. All of these processes are necessary to produce high quality, saleable bread
products. To accomplish all of these product and process effects in the proper sequence,
commercial bread ovens have between three and eight temperature gradient zones which
are maintained in critical balance. Oven rise, which determines the final loaf volume
and internal texture, occurs during the first 5-6 minutes of baking. Thermal degradation
of the yeast occurs when the internal bread temperature reaches 140-145 °F which stops
the fermentation process. Protein is denatured between 140-180°F. At the end of the
process, browning and crust color develop while ethanol and moisture are evaporated to
cool the loaf and prevent the internal temperature from reaching the boiling point of

water.?

W, Stitley, Baking Technology, Oven Emissions and Control Devices, American
Institute of Baking, Manhattan, KS (1986).

Site 2/CRP 4-2



There are three fundamental oven types: funnel, tray, and spiral. Tunnel

ovens, as shown in Figure 4-1 are long horizontal ovens where dough enters at one end

and is conveyed to the opposite end where it exits as brqad. Tray ovens as shown in

Figure 4-2 are also horizonal; however, the dough enter

the oven and exits on the same

side after being conveyed the length of the oven. The tray is lowered to a second level

and then conveyed to the exit near where it entered. Inispiral ovens, dough enters at the

top corner of the oven and is conveyed in a downward spiral to the bottom corner of the

oven where it exits through an opening diagonally lower |from where it entered the oven.

No spiral ovens were tested during this test program. Tunnel and tray ovens typically

contain three to five exhaust stacks with one stack typically used for purging the oven of

natural gas during ignition and the remaining stacks use
operations. In contrast, spiral ovens usually contain just

both purging and normal operations.’

4.1.2 Oven Heating Systems*

during normal baking

one stack which is used during

Ovens may be divided into two general cafegories according to the manner

in which they are heated, namely, direct-fired ovens and
category makes use of semi-direct heating. In direct-fire
directly within the baking chamber and are usually ribbo
Modern ovens normally feature banks of ribbon burners
the baking surface, across the path of travel of the bakin
ovens are equipped with an external forced-air agitation

formed convection currents within the baking chamber.

indirect-fired ovens. A third

d ovens, the burners are located
n type and burn natural gas.
located both above and below

g trays or oven band. Most such

system to augment the naturally

SBAAQMD Staff Report Supporting Adoption of Ryle 8-42 (July 1988).

* The Science of Baking, Lesson 26 Bakery Ovens, American Institute of Baking (no

date)

Site 2/CRP 4-3
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In indirect-fired ovens, the combustion chamber is isolated from the baking
chamber. The heat is transferred from the hot combustion gases to the baking chamber
by means of flues or radiator tubes. In these ovens, the products of combustion do not
enter the baking chamber and thus do not come into direct contact with the baking
products. The heat is generated by single high-capacity burners (one burner for each
oven zone) and radiant heat is supplied by the flues and radiators within the baking
chambers. Forced air agitation systems and improved oven efficiency are a general

feature of indirect-fired ovens.

Semi-direct fired ovens (which are also referred to as semi-indirect fired
ovens) closely resemble indirect-fired ovens in their use of separate combustion
chambers and of radiator tubes for the heat transfer. In their case, however, the radiator_
tubes have either thin slots or small holes that allow the hot combustion gases to enter
the baking chamber. These gases create convection currents whose intensity can be
controlled by means of baffles. Thus, semi-direct fired ovens combine the advantages of

both convection and radiant heat transfers.

42 Test Program Overview
This section will present a general discussion of the oven types and sample

locations from all four sites. However, specific information will only be presented for

the Site 2 facility.

This test program involved measuring the emissions from both direct- and
indirect-fired ovens. Some of the indirect fired units had their heat exchanger tubes
drilled out to promote better heating efficiency. However, maintenance records were
incomplete and plant personnel were uncertain whether this had been completed or not.
In some instances, maintenance personnel stated that their indirect-fired ovens had not
been drilled out and yet high concentrations of unburned methane (> 1000 ppmv) were

detected in the stack gases. So a strict direct/ indirect firing classification was not always

possible.

Site 2/CRP 4-6



Another important facet of the test program was that during steady-state

operation, the gas flow in some of the stacks would almgst be completely shut off with a
flow damper to prevent oven heat loss. The Method 25A and 18 tests would detect fairly
high concentrations of THC (> 1000 ppmC) while flow rptes would be minimal (<

100 cfm), resulting in fairly low emissions rates. The flow damper positions were always
verified to ensure they were the same during both flow measurement tests and the
Method 25A and 18 tests.

The majority of ovens tested had two stacks venting exhaust gases. If both
stacks vented oven (baking) gases (i.e., direct-fired), they were referred to as the front
stack and the rear stack depending on their respective ldcation. Front stacks were
located near the end of the oven where the bread dough entered, and the rear stacks

were on the opposite end.

Indirect-fired ovens also typically had two §tacks with one stack exhausting
the oven gases and the other exhausting the burner gases. Gases from the burner stack
were expected to be comprised mainly of unburned hydrpcarbons (i.e. methane).
However as previously mentioned, oven maintenance redords were sometimes incomplete
and what was expected to be purely a burner exhaust gas stream, was sometimes
comprised of significant portions of gases from the baking processes (i.e. ethanol and

acetaldehyde).

Three sites had a third stack (typically referred to as comfort hoods)
venting the gases, which was either adjacent to the oven fntrance or to the exit. (See
Figure 4-1). Their purpose was to remove fugitive oven heat from worker areas. Gases
were pulled from these locations through a ventilation h¢od configuration, typically
spanning the width of the oven (10-15 feet) and 1 - 3 feet in length. Exhausts from the
Site 2 comfort hoods were pulled through roof ventilator{fans which had very little

ductwork downstream of an axial fan. This made deternjining flow rates inaccurate since

Site 2/CRP 4-7




measurement locations could not be located in accordance with the U.S. EPA Method

guidelines.

The majority of stacks were small roof vent ducts with an inside diameter
(ID) ranging from 12 to 16 inches. As shown in Figures 4-1 and 4-2, the stacks were
typically arranged in a straight line (i.e., in line with the orientation of the oven). Most
had rain caps installed over the opening which was typically 6-15 feet above the roof.
All stacks were accessed from the roofs of the facilities and sample ports were located
from 2-6 feet above the roof line. A 1.75 inch hole in the duct walls allowed for full
insertion of the Method 25A and 18 sample probe. Two ports were located 90° apart at
the same elevation. The sample port that was not being used was always capped off to

prevent any ambient air from diluting the sample stream.

Approximately 100 to 150 feet of heated Teflon® tubing was used to
transport the gas sample from the stack to the mobile continuous emissions monitoring
(CEM) vehicle that was typically parked adjacent to the bakery wall. In cases where
there were three stacks originating from the oven, one sampling probe/heat trace system

would be alternated from the second and third stack.

A general description of sample locations for the Site 2 test program is

presented according to the respective test site in the following section.

4.3 Site 2 Sample Locations

A small bun oven, a small bread oven and a large bread oven were tested
at the Site 2. These ovens were also identified as Lines 1 through 3, respectively. Line 1
and 2 ovens were tested with the CEM trailer parked in the same parking location. The

trailer had to be moved to test the third oven (Line 3).

Site 2/CRP 4-8



The oven on Line 1 had two stacks and a domfort hood; however, neither

stack had a rain cap. The sampling locations are shown

in Figure 4-3. The front stack

and comfort hood were sampled alternately using a 150-foot length of heat-traced sample

line. The location of the rear stack necessitated a 200 fd
rear stacks had a 12-inch ID. Ports were located approxi
downstream and 2-feet (2 diameters) upstream of the ne

was measured at 8 traverse points.

All of the comfort hoods at Site 2 were ex}

ot length. Both the front and

mately 9-feet (9 diameters)

arest flow disturbances. Flow

jausted by axial fan roof

ventilator (Dayton Model 3C276-A). There was no ductwork following the fan;

therefore, U.S. EPA Method 1 specifications were not m
be taken directly after the fan as it was exhausted to atm

configuration is shown in Figure 4-4. Six traverse points

The comfort hood fan on Line 1 was not o

et. Flow measurements had to

osphere. The general

were located as shown.

perating during the test and had

evidently not operated for some time. Gas flow was ind

ced by strictly natural drafting

of the hot gases at velocities of 50-300 fpm and at temperatures of 150°F.

The Line 2 was an indirect-fired unit and the oven gases were vented from

a stack located in the front of the oven and the burner stack was located in the rear. As

with the Bun oven, there was a comfort hood that was vented by a axial fan roof

ventilator. There was no gas duct work following the fan; therefore, the flow

measurement could not be made at a location in accord
Method 1 procedures. Flows were estimated by both vel

and hot-wire anemometer measurements.

The sampling locations on Line 2 are show
(front) stack was 11.5-inch ID with a rain cap. Ports wer
(5.7 diameters) downstream and 1.0-feet (1.0 diameters)

disturbances. Flow was measured at 16 traverse points.

Site 2/CRP 4-9
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h in Figure 4-5. The oven
e located S.5-feet

hpstream of the nearest flow
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The burner stack on Line 2 had a 16-inch |D without a rain cap. Ports
were located approximately 4-feet (3.0 diameters) downsgream and 2-feet (1.5 diameters)

upstream of the nearest flow disturbances. Flow was mpasured at 16 traverse points.

The comfort hood on Line 2 was identical fto that described except that the

fan was operating. Flows were measured as described above.

The Bread oven on Line 3 was a direct-fir¢d unit with stacks located
approximately 90 feet apart. There were 2 oven stacks and a comfort hood. The front
stack and comfort hood were alternately sampled using § 100-foot section of heat-traced

tubing. The rear stack was sampled using a 150-foot section.

The sampling locations on Line 3 are shown in Figure 4-6. The front stack
had a 13.75-inch ID. Rain caps were not present on any| of the Line 3 stacks. Ports on
the front stack were located 11-feet (9.6 diameters) downstream and 2.5-feet
(2.2 diameters) upstream of the nearest flow disturbances. Flow was measured at 8

traverse points.
The rear stack on Line 3 had a 15.5-inch ID. Ports were located
approximately 11-feet (8.9 diameters) downstream and 25-feet (1.9 diameters) upstream

of the nearest flow disturbances. Flow was measured at |8 traverse points.

The comfort hood on Line 3 was identical to that described and the fan

was operating. Flows were measured as described above.

Site 2/CRP 4-13
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5.0 SAMPLING AND ANALYTICAL METHODS

This section briefly summarizes the procedpres used for sampling and

analysis. Procedures are presented for Method 25A testing in Section 5.1, Method 18

procedures in Section 5.2, and Methods 1-4 procedures ip Section 5.3. The detailed

protocols can be found in the U.S. EPA reference methqds located in the appendices.

S5.1 Method 25A Sampling and Analysis for THC

Total hydrocarbon concentration was deterinined on a continuous basis

using the U.S. EPA Method 25A procedure. Procedures|

incorporate QA/QC protocols

stipulated as "Measurement System Performance Specifigations” in the reference

methods. The QA parameters will be reported in SectiI 6.0 while the QC procedures

are fully detailed in the test plan written for this test pr

ram.

The following discussion presents Sample Extraction Equipment and

Procedures in Section 5.1.1, THC Analyzers and Operating Principal in Section 5.1.2,

Data Acquisition Procedures in Section 5.1.3, Instrument

and an Example Daily Operating Procedure in Section 5

Calibration in Section 5.1.4,
1.5.

5.1.1 Sample Extraction Equipment and Procedure

A continuous gas sample was extracted from the stack and transported to

the analyzer through a heated Teflon® sample line (heat

trace). The gas only came into

contact with inert materials such as stainless steel, glass, pr teflon. The sample gas

temperature was maintained above 100°C (212°F) so thg

t there was no condensation of

moisture or hydrocarbons in the tubing. A generalized sghematic of a typical extractive

system is shown in Figure 5-1.

275-026-66/cah.1010p 5'1




Stack Wall

Excess Flow Meter

THC
(wet)
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amssTETTTT—— Heat Tface
------- Unheated Gas Lines
Signal Wire

Figure 5-1. General Schematic of Method 18/25A Extractive
Stack Gas Sampling System
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The probe was used to extract gas from the

e stack was constructed of a

short length of stainless steel or teflon tubing. The gas was extracted using a heated

head pump that was placed just upstream of the THC ar

jalyzer. An excess flow dump

was also upstream from the analyzer, so that the gas in the analyzer would not be under

any back pressure created by the sample pump.

In addition to one heated sample tube for
tube was run from the calibration gas cylinders to the pr
the system with a 3-way valve (calibration valve) at the j
heat trace. This allowed for leak checks, sample bias ch
to be completed, as was discussed in Section 6. These p
or QC gas be directed to the probe and back through th
difference between the resulting values and the values ol
directly to the instrument is referred to as sample bias.
acceptable limits, corrective actions were implemented.

5.1.2 THC Analyzers and Analytical Principles

o

sample gas extraction, a separate
pbe. This tube was connected to
inction of the probe and the

cks and calibration drift checks
cedures required a calibration
e entire sampling system. The

pserved when the gas was passed

When the bias was above

The THC analyzers used in Method 25A
ionization detector (FID) to quantify the quantity of TH
detection chamber, the hydrocarbons are combusted in
electrons formed in the flame enter an electron gap, de
permit a flow in an electric circuit. The resulting curre
instantaneous concentration of the total hydrocarbons.
between species; however, different hydrocarbon species
Straight chain hydrocarbons (alkanes), alkenes, and aro
the number of carbons atoms in the molecule. For exa
responds approximately the same as 300 ppm methane (
these type of compounds, there are no substantial inac

ppmv as methane. However, oxygenated compounds suq

275-026-66/cah.1010p

. As the flue gas enters the
hydrogen flame. The ions and
ease the gas resistance, and

is proportional to the

ese analyzers are not selective
respond differently in the FID.
atics respond in proportion to
ple, 100 ppmv propane (C,Hy)
H,). When measuring THC of
acies in reporting THC as

h as ethanol (CH,CH,OH) and




acetaldehyde (CH;CHO) have a depressed response so that what appears to be

300 ppmv as methane may actually be 1200 ppmv ethanol. The resulting THC
concentrations as ppmC were adjusted to ppmv ethanol or ppmv acetaldehyde based on
the results of the Method 18 analysis.

5.1.3 Data Acquisition

The signal from the analyzer is typically an analog voltage response
(i.e., 0-5 volts). The meter panel on the front of the instrument usually translates the
voltage signal to concentration units (i.e., ppmv). However for long term data
acquisition, the voltage signals coming from the electrical output leads need to be
translated to actual concentration data. The system used to perform this function is
known as the data acquisition system or DAS. This process will either be accomplished -
with the use of a strip chart recorder (SCR) or a computerized system. A SCR is the
simplest procedure; howeverc additional man hours were needed to reduce the SCR
trace to individual readings (i.e., 1/minute). If a computerized version is used, the
analog signal is converted to a digital signal and directed to a computer so that the signal
was translated to concentration units and saved to magnetic media. For this test

program, a computerized DAS was used and a SCR was used as a back-up system.

5.1.4 Instrument Calibration

Calibrations were performed by passing known concentrations of a
hydrocarbon gas standard through the instrument and recording the associated response.
A response factor was then calculated and used to adjust sample gas responses to
concentration units. Typical calibration calculations were completed as shown in
Section 7. The THC instrument was calibrated twice daily. The first calibration was
used to determine the response factor, and the second calibration was performed after
completing the test runs so that calibration drift can be determined and the test data

corrected for drift (if necessary). Calibrations were completed on a two point basis:

275-026-66/cah.1010p 5-4



zero gas (generally N,), and a high-range or "span" gas. Methane was used as the

calibration gas, and the concentrations were reported as ppmv methane which are

the same as ppmv Carbon (ppmC). The gas was certified by the manufacturer

guaranteeing the concentration within +2% accuracy.

Other QC operations were also performed|to verify the accuracy of the

data produced. These operations included calibration diift and calibration error

determinations. Additional procedures such as linearity check, sample bias, leak checks,

and gas stratification were also performed. These are further discussed in Section 6.

3.1.5

275-026-66/cah.1010p

Example Daily Operating Procedure

The following is a detailed standard operating procedure for calibrating
and operating the CEMS:

Turn on computer and printer, put
DAS program. Be sure that the
the FID flame lit for several hours.

rinter on-line, and load the
C instrument has been on with

Synchronize watch with sample location leaders.

Turn on strip chart recorders (SCR) and make appropriate notes on
charts and in logbook (write down all procedures and observations
in logbook and on SCRs as the day progresses).

Open all calibration gas cylinders sq that they may be introduced to
the instruments.

Perform daily pre-test leak check orf CEMs as discussed in
Section 6. If a zero gas is used for this procedure, zero all
instruments at this time. Enter thesg values in the computer
calibration routine. Be sure to check and maintain all flows
throughout calibration and operation.

Introduce the THC span gas.
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10.

11

12.

13.

15.

Make adjustments to the THC instrument as required and enter the
value into the computer calibration routine.

Introduce QC gases to instruments to determine calibration error.
Record at least one minute of data for each. If the QC gas
response is not within +5% of the calibration gas valve, the
operator will recalibrate the instrument, or perform other corrective
actions.

Begin sampling routine, with the computer on standby.

Start the data acquisition system when signaled by radio that system
is in stack.

Carefully check all flows and pressures durir the operation of the
instruments and watch for apparent probler.  a any of the
instruments, such as unusual readings or unrcusonable fluctuations.

Stop the data acquisition system at the end of the test when
signaled.

Perform the final calibration (Repeat Steps 5-8) except make no
adjustments to the system. This procedure was completed through
the calibration valve so that gas is extracted through the entire
system.

Calculate calibration drift.

All QA/QC procedures are fully explained in Section 6.

52 Method 18 for Determining Ethanol and Acetaldehyde Concentrations

The following sections summarizes the sampling and analytical protocols

for Method 18 testing procedures targeted for ethanol and acetaldehyde.

275-026-66/cah.1010p
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5.2.1 Sample Collection

A slip stream of sample gas was taken off {
directed to the GC injection loop as shown in Figure 5-2
made to quantify the gas phase concentration of the two
accomplished by first allowing the gas to vent through thg
injection valve was turned so that the sample gas in the |

GC/FID. The number of sample injections in a given te

he main heat trace line and
Discrete GC injections were

target analytes. This was

e injection loop. Then the

pop is directed into the

sting time frame was

determined based on how long it takes for the target compounds to elute from the GC

column to the detector. This period of time is known as
other compounds are contained in the gas which elute at

species, they may interfere with the later analyses and thq

the retention time (RT). If
much longer RT than the target

e column may have to be

»eriodically cleaned. This is done by raising the oven temperature for a period of time.

Cleaning the column decreases the number of GC injecti
during the run time.

5.2.2 Sample Analysis

The U.S. EPA Method 18 analysis is perfor
separate hydrocarbon species present in the exhaust gas §
the GC works in a similar manner to that discussed in S¢
filled with a sorbent, the various hydrocarbons in a given
that the instantaneous concentrations measured relate to
sampling the source gas, the GC/FID system was calibrai
containing the hydrocarbons of interest. The calibration

calibration curves (response factors) and retention times

retention times were used to identify similar compounds

calibration curve was used to quantify the concentrations

275-026-66/cah.1010p

pns that can be performed

med using a GC/FID to
tream. The FID employed in
ction 5.1.2. By using a column
gas stream were separated so
a specific hydrocarbon. Before
ed with standard gas mixtures
procedure established both

for the hydrocarbons. The

n the source samples and the

of the hydrocarbons.
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Other CEMs
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Figure 5-2. General Schematic of Method 18 Sample Injection System
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To use Method 18 effectively, standards wi

e prepared to include

r
concentrations over the entire range expected. For ethaiol, a suitable collection of

standards for bakery emissions concentrations are 0, 200,
ethanol. If stack concentrations are higher than the high|
standards need to be prepared or purchased or the samp|
tight syringe. Levels of acetaldehyde were expected to b
standards of 0, 20, and 80 ppmv acetaldehyde were used.

The response and retention times of the ing
recorded on a strip chart recorder. An integrator was us
compile retention times and area counts. The peaks on

identified from the established retention times for each H

A

800, 2000 and 8000 ppmv
st standard, then either higher
needs to be diluted with a gas

e less than 100 ppmv, therefore,

lividual hydrocarbons were
ed to measure peak areas and
the integrator recording were

ydrocarbon of interest and the

associated concentrations determined using the calibration curve as a reference.

The column and conditions were as followst

Column - 80/120 Carbopack B AW
Carrier Gas - N,; and

Temperature - 30°C (isothermal).

53

Determination of gas flow rate incorporate;
points by the U.S. EPA Method 1, the measurement of
Method 2, the measurement of gas molecular weight by
determination of gas moisture content by Method 4. The

those procedures, and the U.S. EPA methods are include

275-026-66/cah.1010p

Determination of Volumetric Gas Flow Rates

6.6% Carbowax 20M;

5 the designation of traverse

rage duct gas velocity by

(3
a]ljlethod 3, and the

following sections discusses

d in the Appendices.




53.1 Method 2 Flow Rate by Pitot Tube

Methods 2 calls for flow determination by measuring the velocity pressure
with either an S type pitot or a standard pitot. The following discussion presents the

principals of a Method 2 flow determination.

The pitot tube measurements in the ducts were obtained by moving the
pitot tube and thermocouple to each of the traverse points designated in Method 1. The
velocity pressure and temperature readings at each of those points were recorded. A
static duct pressure determined at a single sample point was usually sufficient. This was
accomplished by first rotating the pitot tube perpendicular to the flow (as in the cyclonic
flow check) until the pressure reading was zero. One leg of the tubing was then
disconnected from the manometer and the static pressure was compared against ambient -
pressure. If the positive tube was left attached to the manometer and the reading was
positive, then the overall static was positive. If the negative leg was left attached, and
the reading was positive, then the static was negative. The average duct gas velocity and

volumetric flow rate was then calculated as shown in Section 7.

5.3.2 Method 3 Molecular Weight Determination

The U.S. EPA Method 3 describes the procedures for obtaining the
molecular weight of gas being sampled, which was necessary for the flow calculation.
The composite molecular weight of the gas was determined from the relative amounts of
individual constituents of the gas stream. In most cases, these principal constituents are
oxygen, nitrogen, and carbon dioxide. Some stack gases, however, contain a significant

amount of volatile organic or other compounds which can be included in the calculation.

The concentrations of O, and CO, were determined by a Fyrite analyzer.
The molecular weights of such compounds were multiplied by their relative

concentrations as shown in Section 7. The products were summed to give the dry
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molecular weight of the gas being emitted. The final we]

required gas moisture content values.

5.3.3 Method 4 Stack Gas Moisture Content

t molecular weight calculation

Method 4 is the U.S. EPA method for establishing the moisture content of

a stack gas. There are two recognized ways to obtain th
measures the amount of direct condensation of gas mois

alternate approximation technique used for stack gases W

59°C (138°F) employs a wet-bulb/dry-bulb measurement.

Method 4 explains how a sample of the ga;
condensed using an ice bath. Following the condensatio
impinger (filled with silica gel) which removes the remai
from the gas stream. At the end of the test, the volume
dry gas meter and recorded; the impinger weights and si
measured and recorded. These data were used to calcul

gas stream.

s moisture content. The first
lure in an impinger train. An

ith a temperature lower than

 is drawn into impingers and

h impingers is a desiccant

ning non-condensed moisture
of the gas was measured with a
ica gel weights were also

ate the percent moisture in the

It is important to perform sampling train |

of sampling as well as before and after a port change.

ak checks at the start and finish

e method only calls for a post-

test leak check but completion of a pre-test leak check ihdicates that the post-test check

was successful as well. To leak check the assembled train, the nozzle end was capped off

and a vacuum was pulled in the system of 1 inch Hg hig
vacuum. When the system is evacuated, the volume of g
was timed for 60 seconds. The leak rate was required td
rate or 0.02 cfm, whichever was less. After the leak rate]
slowly removed from the nozzle end until the vacuum dr|

turned off.

275-026-66/cah.1010p
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be less than 4% of the sample
was determined, the cap was

pps off, and then the pump was




If the leak rate requirement is not met, the train can be systematically
checked by first capping the train at the filter, at the first impinger, etc., until the leak is
located and corrected. In the event that a final leak rate is found to be above the

minimum acceptable rate upon removal from a port, the run may be rejected.

When the sampling train was ready for operation, the leak rates and

sampling stop/start times were recorded on the sampling test log. Other events that
occur during sampling, such as pitot cleaning, thermocouple malfunctions, or any other

unusual occurrences, were recorded on the test log.
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60 QUALI'I:Y ASSURANCE/QUALITY CONTROL

Specific Quality Assurance/Quality Control (QA/QC) procedures were

completed during the test program to ensure the production of useful and valid data

throughout the course of the project.

Section 6.1 presents a summary of the QA program and parameters

attained. The definitions of the terminology used in conjunction with QA/QC

information is presented in Section 6.2. Section 6.3 presents the QA parameters for

Method 25A tests. Section 6.4 presents the QA parameters for the Method 18 analyses.

Section 6.5 presents a discussion of the carbon equivalent correction factors as well as a

comparison of the two methods.

6.1 QA Summary

The majority of reference method QA accegptance criteria were met during

this test program. There were 10 days of testing using two THC monitoring systems (20

system days). Method 25A daily calibration drift did not

exceed the criterion of +3% on

nineteen of the twenty system days. The Site 1, Day 1 Method 25A test data exhibited

calibration drift of 3.2% and the drift was corrected by a

ssuming linear drift between the

initial and final calibration. Method 25A calibration errt' was determined extensively

over the course of the test program. Over 150 calibratio

during the test program and the majority these checks m

error checks were performed
et the Method 25A criterion of

+5% of the gas concentration. Method 25A sample biag checks, as well as O, leak

checks, were also completed. The majority of these QA

limits.

Extensive Method 18 QA/QC procedures
final calibrations were performed. Calibrations for ethar

completed using from 3 to 5 calibration points. Multi-pd
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performed on methane for low concentrations on all of the test days (< 900 ppmC). On
five of the test days, a single point calibration was used on higher methane values. This
was due to the detector "overranging". After checking the methane values determined
from a single point calibration against a multi-point calibration curve, no substantial

difference was found.

Sample bias checks were also extensively conducted on the Method 18
sampling system. The majority of checks verified acceptable non-biased sampling.
However, some bias checks revealed sample bias caused by the loss of heat in the heated
tubing adjacent to the GC. These data points were invalid and testing was not continued

until the problem was remedied and a successful bias check had been completed.
6.2 Definitions

The overall QA/QC objective was to ensure precision, accuracy,
completeness, comparability, and representativeness for each major measurement
parameter called for in this test program. The terms used to define the QA/QC

objectives are designed as follows:

. Data Quality: The characteristics of a product (measurement data)
that bear on its ability to satisfy a given purpose. These
characteristics are defined as follows:

- Precision - A measure of mutual agreement among individual
measurements of the same property, usually under prescribed
similar conditions. Precision can be expressed in terms of the
standard deviation (or the relative standard deviation).

- Accuracy - The degree of agreement of a measurement (or
an average of measurements of the same thing), X, with an
accepted reference or true value, T, usually expressed as the
difference between two values, X-T, or the difference as a
percentage of the reference or true value, 100 (X-T)/T, and
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sometimes expressed as a ratjo, X/T. Accuracy is a measure
of the bias in a system.

- Completeness - A measure of the amount of valid data
obtained from a measurement system compared with the
amount that was expected to be obtained under prescribed
test conditions.

- Comparability - A measure O‘E‘the confidence with which one
data set can be compared with another.

- Representativeness - The degree to which data accurately and
precisely represent a charactdristic of a population, variations
of a parameter at a sampling|point, or an environmental
condition.

. Quality Control: The overall system of activities whose purpose is
to provide a quality product or service: for example, the routine  —
application of procedures for obtainfng prescribed standards of
performance in the monitoring and measurement process.

. Quality Assurance: A system of actjvities whose purpose is to
provide assurance that the overall qpality control is being done
effectively. The completion of QA procedures generates indicating
parameters that are a measurement of the general quality of the

data.
6.3 Method 25A Sampling and Analytical QA Parameters
6.3.1 Calibration Drift

The Method 25A Calibration drift values are given in Table 6-1.
63.2 Calibration Error

The calibration error checks are presented|in Table 6-2. Table 6-3

presents on-site response THC response to ethanol QC ghallenges.
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Table 6-1

Method 25A Calibration Drift EPA Bakeries (1992)

1 1 0.04 3.22 0.03 -0.69
1 2 -0.01 -0.01 0.16 0.39
2 1 0.09 -0.13 0.04 -0.2
2 2 ND -1.34 ND -2.57
3 1 0.07 0.02 -0.14 -0.61
3 2 ND -0.06 - ND -0.2
4 1 0.17 -0.08 -0.01 0.16
4 2 0.08 0.04 0.04 -0.47
4 3 0.03 -0.13 0.04 0.14
| 4 | 4 | -0.09 l -0.05 | -0.01 | -0.24 I
Note: Full range of analyzer was 0-10,000 ppmC. All calibrations performed with
methane.
ND = Not determined
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Table 6—2. Method 25A Calibration Error Resuits.
EPA Bakeries, Site 1 (1992)

System 1 ystem 2
Methane THC C
QC Gas Instrument Calibration Instrument Calibration
Conc. Response Error R se Error
(ppmC) (ppmC) (%) (PP (%)
SITE1 - DAY 1
2000 2039 20 2124 6.2
803 805 0.2 GG DOWN NA
80.2 81.9 21 GG DOWN NA
199.1 198.4 -0.4 GG DOWN NA
0 43 NA 2.3 NA
0 2.7 NA 12.9 NA
2000 1982 -09 1963 -19
199.1 199.5 0.2 209.3 5.1
2000 1981 -1.0 2089 45
803 804.2 0.1 853.5 6.3
199.1 204.3 2.6 224 12,5
SITE1 - DAY 2
2000 2014 0.7 1980 -1.0
803 801 -0.2 807 05
199.1 197 -1.1 210 5.5
80.2 77.3 -36 89.6 "7
2000 2003 0.2 1937 -3.2
0 37 NA 14 NA
2000 1990 =05 1986 -0.7
803 805 02 803 0.0
199.1 202 1.5 206 35
6-5




Table 6-2. Method 25A Calibration Error Resuits, (cont).

FPA Bakeries, Site 2 (1992)

System 1 System 2
Methane THC THC
QC Gas Instrument  |Calibration Instrument Calibration
Conc. Response Eror Response Error
(ppmC) (ppmC}) (%) (ppmC) (%)
SITE 2 - DAY 1
1490 1512.6 1.5 15142 1.6
798 8129 1.9 814.2 2.0
199.1 2136 7.3 217.6 93
3980 3979.6 -0.0 40134 0.8
199.1 215.9 8.4 204.9 29
798 807.6 1.2 748.6 -6.2
1490 1496.5 0.4 1436.1 -36
3980 3931.3 -1.2 3752.8 ~5.7
1490 1493.1 0.2 15153 1.7
80.2 90.9 133 925 15.3
80.2 89.7 11.8 87.5 9.1
80.2 89 11.0 88.5 10.3
0 1.1 NA 1.5 NA
80.2 90 122 86.8 8.2
798 809.7 15 772.4 -3.2
199.1 212 6.5 217.9 9.4
1490 1505.1 1.0 15243 2.3
3980 3966.9 -0.3 3953.9 -0.7
0 9.2 NA 4.1 NA
SITE2 - DAY 2
1991 209.3 5.1 206.3 36
798 7826 -1.9 801.2 0.4
1490 1467.5 -15 1488.9 -0.1
2000 2041.4 2.1 1936.4 -3.2
2000 2099.5 5.0 1937.6 -3.1
3980 3924 -1.4 3836.6 -36
80.2 97.7 21.8 86.8 82
199.1 159.4 -19.9 102 -48.8
798 817 1.9 7548 -5.4
1430 1481 -0.6 1428.9 -4.1
2000 2008 04 2031 1.6
3980 3846 ~-3.4 3723 -6.5
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Table 6—2. Method 25A Calibration Error Results, (cont).
EPA Bakeries, Site 3 (1992)

System 1 Pystem 2
Methane THC C
QC Gas Instrument Calibration Instrument Calibration
Conc. Response Error R se Error
{ppmC) (ppMC) (%) (pPMC) (%)
SITE3 - DAY 1
798 817 24 769.7 -35
1490 1490 0.0 1390 -6.7
0 19 NA 3.4 NA
1490 1490.3 0.0 1419 -48
1490 14915 0.1 1429.2 -4.1
2000 2030.7 1.5 20716 36
0 7.1 NA -14.1 NA
| SITE3 - DAY 2
0 1.16 NA -1.5 NA
80.2 777 -3.1 68.1 -15.1
199.1 198 -0.6 183 -8.1
80.2 75.3 -6.1 825 29
199.1 198.4 -04 188.4 -5.4
2000 2023 1.2 1909 -4.6
2030 201 -09 1944 -42
798 801.5 0.4 783.2 -1.9
3960 3948 -0.3 3849 -28
80.2 77.2 -37 81.5 1.6
199.1 197.5 -0.8 189.7 -47
798 798 0.0 789.4 -1.1
2000 2016 0.8 1874 -6.3
3960 3945 -0.4 3847.2 -28
0 -1.97 NA 238 NA
1490 1484.5 -0.4 1518.8 1.9
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Table 6—2. Method 25A Calibration Emror Results, (cont).
EPA Bakeries, Site 3 (1992)

-~

System 1 System 2 -
Methane THC THC
QC Gas Instrument Calibration Instrument Calibration
Conc. Response Error Response Eror
{(ppmC) (ppmC) (%) (ppmC) (%)
SITE4 - DAY 1
3960 3964 0.1 3966 0.2
80.2 729 -91 64.4 -19.7
199.1 180.7 -9.2 179.9 ~9.6
80.2 60.1 -25.1 60 -25.2
0 -21.8 NA -6.6 NA
798 810.2 1.5 801.9 0.5
1490 1507.4 1.2 1504.8 1.0
2000 2036 1.8 1939 -3.1
SITE4 - DAY 2
3960 3954 -0.2 3960.4 0.0
1490 1506.7 1.1 1506.1 1.1
0 21 NA 5.1 NA
80.2 845 5.4 75.2 -6.2
199.1 207 40 192.6 -33
798 804.9 0.9 804.8 0.9
1490 1499 0.6 1509 1.3
2000 2030.2 1.5 1943.2 -28
3960 3938 -0.6 3981 05
0 8.3 NA 4.05 NA
3960 3964 0.1 3912 -1.2
200 201.6 0.8 192.2 -39
200 205.1 25 1943 -28
80.2 83.8 45 82.9 34
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Table 6—2. Method 25A Calibration Error Results, (cont).
EPA Bakeries, Site 3 (1992)
System 1 System 2
Methane THC THC
QC Gas Instrument Calibration Instrument Calibration
Conc. Response Error R S0 Error
) (pPMC) (pPMC) (%) “&?mc) (%)
SITE4 - DAY 3
3960 3963 0.1 3958 -0.1
3960 3049 -0.3 3873 -2.2
0 -0.7 NA -0.3 NA
3960 3954 -0.2 3941 -05
0 145 NA -0.2 NA
3960 3936.5 -0.6 3930.6 -0.7
0 -0.96 NA -2.7 NA
3960 3967.2 0.2 3988.9 0.7
199.1 202 1.5 189.3 ~49
0 2.7 NA 38 NA
3960 3947 -0.3 3974 0.4
3960 3964 0.1 3969 0.2
- 3960 3948 -0.3 3990 0.8
798 796.5 -02 808.9 1.4
1490 1486.6 -0.2 1516.6 1.8
2030 2017.3 -0.6 20191 -0.5
- SITE 4 - DAY 4
199.1 202 15 187.7 -5.7
798 803 0.6 79.7 0.2
2030 20348 0.2 20328 0.1
80.2 84.4 5.2 67.6 -15.7
0 0.6 NA -10.8 NA
0 -39 NA -46 NA
| 199.1 200.2 0.6 187.4 -5.9
200 206.8 34 191.7 -4.2
2030 2034.6 0.2 20475 0.9
) 0 5.3 NA -0.8 NA
199.1 199.6 0.3 193.7 =27
80.2 766 855.1 76.3 -4.9
0 -24 NA -09 NA
80.2 778 -3.0 75.5 -5.9
- 199.1 196 -1.6 183.8 -7.7
798 7932 ~0.6 7746 =29
80.2 835 41 75.1 -6.4
199.1 2026 1.8 187.1 -6.0
798 796 -0.3 794.9 -04
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Table 6-3. OnsSite Ethanol QC Challenges to the Method 25A THC Monitor
EPA Bakeries (1992)

System 1 System 2
Ethanol THC Carbon THC Carbon
QC Gas Instrument Equivalent Instrument | Equivalent
Test Conc. Response Correction Response |Correction
Site Day (ppmC) {(ppmC) Factor (ppmC) Factor
1 1 200 267.5 1.34 238.4 1.19
1 1 200 275.5 1.38 280.5 1.40
1 2 10000 11862 1.19 13569 1.36
1 2 2000 2852 1.43 2948 1.47
1 2 2000 2421 1.21 2731 1.37
1 2 200 272 1.36 274 1.37
AVG 1.32 AVG 1.36
2 1 200 305.9 1.53 295.5 1.48
2 1 200 310.6 1.55 259.9 1.30
AVG 1.54 AVG 1.39
3 1 200 320 1.60 283 1.42
3 1 200 302.4 1.51 277 1.39
3 1 498 763.2 1.53 720 1.45
3 1 498 759.6 1.83 694.9 1.40
3 1 498 756.6 1.52 756.6 1.52
3 2 200 307 1.54 286.2 1.43
3 2 200 300.1 1.50 316 1.58
3 2 498 755.5 1.52 765.7 1.54
AVG 1.53 AVG 1.46
4 1 200 313.5 1.57 299.1 1.50
4 3 200 309.1 1.55 307.6 1.54
4 3 200 313.4 1.57 306.3 1.53
4 3 200 300 1.50 302 1.51
4 4 200 304.6 1.52 307.9 1.54
4 4 200 312.8 1.56 304.1 1.52
4 4 200 297.8 1.49 298.9 1.49
4 4 200 296.8 1.48 304.4 1.52
4 4 200 308.4 1.54 297.2 1.49
4 4 200 DOWN 300.2 1.50
AVG 1.53 AVG 1.51
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64 Method 18 QA Parameters
All calibration data from the Method 18 analyses is included in the

Appendices. Both an initial and final calibration were performed on each day.

Excessive drift was not found during any of the test days,

6.4.1 Sample Bias

Table 6-4 presents the Method 18 sample bias checks for Sites 2-4. The

Site 1 bias check results are included in the appendices.

275-026-66/cah.1010p 6-11




9 FAT4 TONVHIA 002 JqeL iy 862

LT # NNY Ld TTIONIS L0 140174 ANVHIAW 000 »ey , 1414 LLz

L8T # NNY Ld TONIS 61 LE0T ANVHIINW 0002 JqeL i 9.2

987# NNV Ld I TONIS £ ST ANVHLAW 06¥1 pey 1414 74

98Z# NNV .Ld TONIS LT SIST ANVHLAW 06¥1 JAqeL i 4 vz

¥8Z# NNY 1d HTONIS 10— L6L HANVHIIN 86L »ey 44 €LZ

¥87# NNYH 1d STONIS - 88L ANVHIIWN 861 Qe i A%/

60— £'L61 ANVHIANW 1661 JyqeL i 074

A A 861 INVHLIW 1661 »ey 414 0Lz

STHATT TVIHAHS LV YDHHD YAHILONV NNY 61— 649 INVHLAW 708 JqeL 414 692

e oK1 HANVHIAW 06¥1 JAqeL 4 194

90 6691 ANVHIIW 06¥1 ey 414 LST

21 920V HANVHIAW 086€ JqeL h 957

91— $68€ ANVHIIW 086¢ »pey 414 $$T

SE Loz TONVHIH 002 JqeL 1034 S€T

882 NN 1d HTONIS 97— ¥61 ANVHIAW 1661 JqeL 1014 veT

887 NN Ld A TONIS vi-— £961 ANVHLAN 1'661 wey 10,2 1374

(z6/0€/9 L82 NNY Ld HIONIS 10 £00C ANVHIAW 0002 Jqe] 1014 19 A
11,2

(z6/0€/9 L82 NNY Ld HTONIS z (11174 ANVHLAW 0002 ey 10,4 A ¢4

(26/0€/9) 987 NNY 1Ld ATONIS 91 PIST ANVHIAW 06¥1 JqeL 11,2 14 ¢4

(z6/0£/9) 982 NNV Ld A TONIS 80 2081 ANVHIAW 06¥1 ey 1914 (1] 74

(z6/0£/9) v8Z NNY L4 HIONIS $1 ] HNVHIAW 86, JqeL i 602

(26/0€/9) ¥82 NNY 1Ld ATONIS 80 08 ANVHILAW 86, ey 1914 80C

1s— 1'9L HANVHLIW Z'08 wey 1414 961

97— 18L ANVHLIW 208 ey 1114 $61

70— 03 HANVHLAW Z'08 »pey 1 £4 v61

1 £l {14 ANVHIEW 1661 Jqe]L 1114 £61

Lo $002 ANVHIAW 1661 ey 1012 Z61

9% L8 HANVHLAW 708 Jqe], 11,2 161

(Z661) seuexeg vd3
sHo9Y) seig sidwes g poylew ‘p-9 ejqel

6-12



‘2100 BN oe[das 01 Jadwal "1 'H You /1 MIN
NGO eI JBIH 10O BN B

151 NN 1Ld I TONIS vT—  TeLL ANVHIAN 86, 1.y 74 T€T
10- SL6E INVHII W 086€ wosq A4 LET
1d FTONIS 90— ra {4 ANVHIZ I 0002 resy mn 9€1
ST NNY ‘1d I TONIS $— 6607 SNVHLAWN 0007 1wos wn SEl
1ST NNY ONISN "TVO ‘Ld TONIS 97— LLL ANVHIIN 86, o 44 (173
ST NNY ONIVN "IV ‘Ld ' TONIS rAS 9681 INVHIAW 0002 LK | 474 911
91— 68L ANVHLEWZ'08 wolg wn €21
6Z— 8LL ANVHLEW 708 oy wn A
¥ 60T JONVHLE 002 my {4 YL
z 14174 “TONVHIH 002 LY | {74 €L
$S— a8 ANVHIAW 1667 oIy 874 A
s— 631 HNVHIAWN 1661 oy 1174 12
9Z# NNY "Ld S TONIS ye— 1LL ANVHIAW 86, 1ol 1174 oL
- 9'0L ANVHLIW 208 1y 1174 89 "
0 INGWHOV'IdIH L1- 8'8L q {74 4y —
INFWHOV IdH Y 61— L8L q 174 IS o
HOVIdTEADTHO/FI LIad L1- 8'8L ANVHLANW 208 gluoni| ung 1,4 0s
HOVIdINAOAHDME LIFd 6€— WU ANVHLANW Z'08 egluonj| ung 1074 6%
HOVIdTW/NNEEY SYOFTHY/WATd0odd oE— €9 ANVHIAW Z 08 gluosj| ung 124 8y
FOV'1da3d MOTHY/WA190Ud 9 — tA 34 ANVHLEW 208 elvwoli| ung 11,4 Ly
97— 88L ANVHLAW 08 ey ung 174 9
TV ENVHIAW TVNId a$0 dasn 6€— L ANVHLHEW 208 my| ung {74 Sv
wddg] > ANNOYOMOVE TIVIAS VN 12158y IN 1174 1§
87 NN NOLLOE NI HONIYAS OL NOSIHVIWOD 'd'S 10 681 HNVHIIW 06¥1 104 1074 I74

(z661) seuexeg vd3
(luo9) syoayn seig ajdwes g POYIBW ‘-9 3iqe)




NNY3d

09T# NNY 1d HTONIS
09T# NNY 1d HTONIS
65T# NNY 1d HTONIS
65 T# NNY 1d HTONIS
STIAHT HHWOIN NNY
8s1# NNY 1d 4 TONIS

J1OddsNs HIAIM AvVHd

O
NNIHd

St# NNV ‘Ld A TONIS

St# NNY ‘Ld STONIS
IV TVILINI

" 61# NNY ‘Ld HTONIS

L 61#NNY ‘Ld ITONIS

6t—
[
92
£0
¥o
£l
£l

1 )
20

6v—

| 4A S

§0-
$0

ST~
91—

68—

$L

sor

€°6L
918
115

€L6E
8L6E
L2
IFAVA
s0L
008
e
114
t9L
668
661
861
908
15174
961
891
98
T'el
13 ¢4
viz
L98
988
98y
8y
8051

rA$y !

HAAHIA TVLHOV $'T8
HAAHAA TVIHOV 578
TONVHIH 86V
TONVHIH 00
HNVHIIWN 0968
HNVHIIW 096¢
HNVHLAW 000
HNVHIAW 000¢
HNVHIIWN 86L
HNVHIdN 86L
HANVHIHN 1661
HNVHIAW 1661
ANVHLEW 208
HNVHLHW T 08
HNVHIIN 1661
ANVHIHW 1661
HANVHLIW C'08
HNVHIHW 1661
HNVHIHW 1661
HNVHIHW 1'661
HNVHLIW T'08
HNVHLEWZ 08
HNVHIAW 1661
HANVHIHW 1661
HANVHLHW T'08
ANVHLINW 08
TONVHIH 86V
TTONVHIH 86¢
HNVHLEN 06¥1

ANVHIHW 0641
TONVHIA 00C
HNVHIAWN 86L
INVHIHW 86L

WIAD
nung
uInQ
Rumng
uA0
nuing
A0
nung
npung
nuing
uInQ
Jumg
uIAD
Juing
nung
uIA0
nung
uA0
nung
nung

wAQ
Jumg

[ £7.)
Jung
numg

uwAQ
1uing

wAQ
nung

y91
€91
291
191
LST
951
§s1
123!
1394
181
ost
41
1341
A4
921
YA
14!
801
L01
901
$01

(z661) senaeg vd3a
::oov syoey) seig sjdwes gL poylow ‘t-9 alqel

6-14



1o €661 ANVHLHW 1661 ey 144 1 XA 4
9? £8 INVHLAW 08 Aqel vy Yy
Tt L8 TONVHLAN 7°08 e vy 2y
§$6— 181 TTONVHIEH 002 Jqel 1714 61y
€1 SLY TTONVHIAH 002 dqelL 1414 86t
- TSt TONVHIH 002 JqeL viv 16€

(z661) seueyeq vd3

(o2) syoeyo seig aidwes gL poylew ‘-9 siqey

6-15




7.0 DATA REDUCTION PROCEDURES

The following section details the calculatiops used for the U.S. EPA

Bakeries test program.

7.1 Emission Calculations

The objective of the U.S. EPA Bakeries tept program was to determine
emissions of Total VOC as well as emissions of two of the primary VOC constituents,
namely ethanol and acetaldehyde. The emission calculations were done using several

methods. All rates are in units of lbs/hr.

7.1.1 YOC Emissions

Emission rates of VOC as ethanol were cajculated by multiplying the

average VOC as ethanol concentration by the stack gas flow rate as follows:

e R T,
Where:
Q, = Volumetric flow of stgck gas (acf/hr)
P, = Absolute stack Pressure (in Hg)
T, = Stack Gas Temperatufe (°R)
R = Universal Gas Constapt (21.85 in Hg-cf/lb-mole-°R)
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712 - Ethanol and Acetaldehyde Emissions

Ethanol and acetaldehyde emissions were calculated by multiplying the
average concentration by the stack gas flow rates. Average concentrations were

determined as shown in Section 7.2.2 through 7.2.5. Emission rates were calculated as

follows:
prog - [ETOH] x Q x P
T, x R x 10°
A = [AA] x Q "
= x a x ——————————en
AA T, x R x 108
7.2 Average VOC Concentration Calculations

The calculations used for determining concentrations are given in the

following section.
7.2.1 Average VOC as Ethanol Concentration

The average VOC as ethanol concentration (ppmV as ethanol) was

calculated as follows:

[NMHC]

[VOCleron 1.42
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where:

142

Ethanol Carbon Equivalent Correction Factor
(i.e., 10 ppmv ethanol |= 14 ppmC THC)

The average non-methane hydrocarbon concentration (ppmC/wet) was

calculated as follows:

— { CH,
[NMHC] = |[1-
THC

)x[ﬁé]

The average CH, to THC ratios (dimensiopless) were calculated as follows:

2“: [CH,]; )
CH4 - i=1 [TI'IC],
THC N
where:
N = Number of GC injectipns during test period
[CH,], = CH, concentration at the time of the GC injection
(ppmC/wet)
[THC), = THC concentration at|the time of the GC injection
(ppmC/wet)

The average THC concentration (ppmC/wet) was calculated as follows:

n

2 [THC],

[THC] = =L
n
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where:

n = Number of THC readings during the test period

722 Average Ethanol Concentration

The average ethanol concentration (ppmV /wet) using both the Method 18
ethanol and Method 25A THC results was calculated as follows:

ETOH

[ETOH]p,. =

}x[m]

The average ethanol-to-THC ratios (ppmV/ppmC) were calculated as

follows:
i‘: [ETOH]i
ETOH| _ i- [THC),
THC N
where:
[ETOH]; = Ethanol Concentration from GC analysis (ppmv/wet)
N = Number of GC injections
7.2.3 Average Ethanol Concentration By GC Only

The average ethanol concentrations (ppmV /wet) determined from the

Method 18 analyses were calculated as follows:
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N
Y [ETOH];
[ETOH],. = =t |

N

7.2.4 Acetaldehyde Concentration By GC and THC

The average acetaldehyde concentration (ppmV/wet) determined using

both the Method 18 acetaldehyde and Method 25A TH( results was calculated as

follows:
e AA
AA = | == [THC
[Ahlye = |0pc| * [THCI
The average acetaldehyde to THC ratios (ppmV/ppmC) were calculated as
follows:
N ( [AA]
AA | _ ia | [THC]
THC N
7.2.5 Average Acetaldehyde Concentration By GC Only

The average acetaldehyde concentration (ppmV/wet) determined from the

Method 18 analyses was calculated as follows:
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7.2.6 Comparison Of GC And THC Results

The comparison of the corrected sum of ethanol, acetaldehyde, and

methane Method 18 concentrations to the THC concentration was determined as follows:

i GC,
GC | - = = x 100
THC
where:
THC, = THC concentrations determined from the Method 25A
monitor at the same time as the GC injection (ppmC).
[ETOH]. [AA]
GG = M + [CH,J;
1.42 1.23
where:
[ETOH]; = Ethanol concentration determined from a single GC
analysis (ppmv/wet)
[AA] = Acetaldehyde concentration determined from a sihgle
GC analysis (ppmv/wet)
[CH, = Methane concentration determined from a single GC

analysis (ppmv/wet)
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7.3 Method 25A Calculations

This section briefly summarizes calculation$ used for the Method 25A
analysis. The computer controlled data acquisition systein scanned each channel
approximately 1800 times per minute and stored periodiq averages on disk and hard
copy. The averaging computer period varied throughout|the test program ranging from
10 seconds to 1 minute. Pre-test calibration, post-test calibration drift checks, and
calibration error checks were saved on disk. Instrument drift was evaluated after the
post-test calibration with an acceptable criterion of +3. [The computer DAS reported

THC concentrations calculated as follows:

Compe = RSP, x RFAC } C_
where:
Caample = Observed concentratiop of sample gas (ppmv or %v,
dry)
RSP, mple = Observed instrument spmple voltage response (volts)
Crsp=0 = Calculated concentratipn corresponding to an
instrument response of 0 volts ( Y intercept)
RFAC = Calibration response factor (slope)
RFAC (SPAN - ZERO)
(RSP, -RSP_|)
where:
SPAN = Concentration of high (span) calibration gas (ppmv)
ZERO = Concentration of low (zero) calibration gas (ppmv)
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RSP,,,,

Observed instrument voltage response to the span
calibration gas (volts)

RSP, = Observed instrument voltage response to the zero
calibration gas (volts)

Span and zero calibration drifts are calculated as follows:

. Cr-C)
Drift x 100
FULL RANGE
where:
Drift = Span calibration drift (% of Scale) —
Full Range = Full Range of the Instrument (i.e. 0-500 ppmv)
Cr = Observed concentration predicted by the final

calibration - (ppmv)

C = Observed concentration predicted by the initial

calibration (ppmv)

Average concentrations of THC were calculated for the test duration of interest.

7.3.1 Method 18 Data Reduction

The concentration of ethanol, acetaldehyde, methane and ethane in the
stack gas was determined directly as parts per million by volume (ppmv) on a wet basis.
An electronic integrator would convert the GC electrical peak signals to a peak area
value. A linear regression was completed using calibration gas concentration versus peak
area response. Sample responses (peak areas) were then used in the calibration

regression to determine the respective concentration.
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7.3.2 Manual Gas Sampling Methods

Calculations for determining flow rate, moisture content, and gas molecular

weight are described in Figures 7-1 and 7-2.
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RADIAN SOURCE TEST
EPA METHODS
DEFINITION OF TERMS

t min Total Sampling Time
D, in. Sampling Nozzle Diameter
vV, ft® Absolute Volume of Gas Sample
Measured by DGM (uncorrected)
M, g Total Mass of Water Collected
M, g Total Mass of Particulate Collected
P, in. Hg Absolute Meter Pressure
AH in. H,O Average Static Pressure of DGM
Ty °F Average Temperature of DGM
| in. Hg Barometric Pressure
%CO, % vol-dry Carbon Dioxide Content of Flue Gas
%0, % vol-dry Oxygen Content of Flue Gas
%N, % vol-dry Nitrogen Content of Flue Gas (by
difference)
A ft’ Cross-sectional Area of Stack (Duct)
T, °F Temperature of Stack
P, in. Hg Absolute Stack Gas Pressure
Static in. H,0 Stack Static Pressure
Vn(sta) dscf Volume of Gas Sampled at Standard, Dry
Conditions®
V., scf ;/(()llume of Water Vapor in Gas Sample,
t

Figure 7-1. Definition of Terms for Method 1-4 Calculations
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RADIAN SOURCE TEST
EPA METHODS
DEFINITION OF TERMS

(Continued)
B, Fraction of Water Vapor in Stack Gas
M, Fraction by|Volume of Dry Gas in Gas
Sample (1-B,,)
MW, Ib/Ib mole Molecular Weight of Dry Stack Gas, Dry
Basis
MW, Ib/1b mole Molecular ‘TVeight of Stack Gas, Wet
Basis
C, Pitot CoeffiL:ient (typically 0.84)
C, grains/ft’ Concentratilon of Particulate in Flue Gas
E Ib/hr Emission Rpte of Particulate
Qg dry, ft’/min. Average Stack Dry Volumetric Flow Rate
v, ft/sec Velocity of [Stack Gas
Y Test Meter |Calibration Coefficient
AP in. H,O Stack Gas VYelocity Pressure

275-026-66/cah.1010p
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RADIAN SOURCE TEST
- EPA METHOD 2 - §
SAMPLE CALCULATION

1) Volume of dry gas sampled at standard conditions (68°F, 29.92 in. Hg):
v ) Y x V, x528 x [P, + (AH/13.6)]
m(sd) 29.92 x (T, + 460)
2) Volume of water vapor at standard conditions:
v - 0.04715t*
¥ gxM,
3) Fractional moisutre content in stack gas:
B_ = Ve
bt Vasd * Vo
4) Mole fraction of dry stack gas:
M, = 1-B_,
S) Absolute stack gas pressure:
Static
P = P+
: = 136

Figure 7-2. Example of Method 1-4 Calculations
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6)

7

8)

27%-026-66/cah.1010p

Average molecular weight of dry stack gas:

Dry:MW, = (032 x %0, + (0.44 x %CO,) + [0

Stack gas velocity at stack conditions:

\Y

85.49 x 0.84 x /AP xJ»

Average stack gas volumetric flow at dry, s

Qu

18 x (100-(%0, + %CO,)]

, + 460
x MW

tandard conditions:

V.xA xM, x
*T T T T x 299

Figure 7-2. Continued
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Appendix B.2
Method 25A (THC)
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Appendix B.4

Method 18 Chromatogram
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Appendix B.5

Field Flow Measurements Data Shdets
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Figure 6-6. Preliminary Velocity and Cyclonic Flow Sheet.
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Figure 6-6. Preliminary Velocity and Cyclonic Flow Sheet.




PLANT %ci k,"\l\(a.v\.m:S 60«&,%&) ZE*

PRELMINARY VELOCITY TH

. DATE

(,((7 v

LOCATION —bine 2 (Bund On) Fronk Shck

| INSDE STACK DIMENSIONS
: BAROMETRIC PRESSURE. in. Hg

L5

JAVERSE

6-16

| STACK QAUGE PRESSURE. in. HO =C 1O
| OPERATOR R P
Jo
F o
SCHEMATIC OF TRAVERSE PONT LAYOUT
TRAVERSE| VELOCITY STACK TRAVERSE| VELOCITY STACK
POINT HEAD TEMPERATURE POINT HEAD TEMPERATURE
NUMBER | (Ps)in. HO 2 NUMEER | (%Ps)in. HO g
Al 0,18 22Y¢ Bl 0, 240
A = O.(f 222 RE 0.4~ 239
A3 0./ ax3 g J O 7 240
Ay 0.9 2>y Aq o 236
4 0./9 > | g 0.4f 23y
A 0,20 220 | Po 0./6 3
Az .y > 30 By ol 230
Ay Ouf 235 AE oLb 2352
Figure 6-6. Preliminary Velocity and Cyclonic Flow Sheet.
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Figure 6-6. Preliminary Velocity and Cyclonic Flow Sheet.
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MOISTURE RECOVERY FORM FOR METHOD
SLANT Shoehous |
. DATE
| SAMPUNGLOCATION ke | - Rhun
SAMPUING TYPE ‘
SAMPLING BOX NUMBER
! CLEAN-UP PERSON
| SOLVENT RINSES
SAMPLE DENTFICATION CODE 4
XAD TRAP NUMBER /J
""""""""""""""""""" \/ )
)4@“@@01’(9’&1\')
AMOUNT OF
NUMEER SOLUTION © FINAL NTIAL
Vv
éoro
N\
N\ 693, »
/ \ Y740
Revisiorx 3/90

Figure 6-8. Method 4 Train Preparation

TOTAL

‘6-18

GAN (grame)
Recovery Sheet.
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(Vt.e -.M’lﬂ)*um
MOISTURE RECOVERY FORM FOR METHOD 4

Ronl R

PLANT sz"“-/kmnnn.’ &vle,;,_

. DATE ofiifs~
. RUN NUMBER or
iZun'L ,2.4%@3@{; SAMPLING LOCATION L—W‘i L Rua\s ool
| SAMPLNG TYPE 4.0 U 1r e
| SAMPLING BOX NgVEER —
Ron : CLEAN-UP PERSON a¥y
Y| x 04102 :gﬂz . SOLVENT AnsES L ol
3o Tol +75 | SAMPLE DENTFICATION CODE ———
| XAD TRAP NUMBER -
IMPNGER WEGHT (grame)
AMOUNT OF
MPNGER | MPNGER | SOLUTION | MPNGER TP WEIGHT e
NUMEER | SOLUTION @ CONFIGURATION | FINAL NTIAL GAN  (Gfur
‘ Fhes
/ Ho 160 Mop @55@74 2.9 7.0 ]
- #.0 1 60 ’ (000 SO\%*D 557. 81( 5210

| / W41 |z [.3 |68
|| e | )60, | Y 14

revk'l QV12

4.2

N, LN
.rmw TOTAL WEKGHT GAN (grams) I3 "5'{,'
Zd/* Figure 6-8. Method41&athpgndonde§eovuyShea.
| 618 o
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MOISTURE RECOVERY FORM FOR METHOD 4
e PR
' DATE u(@
- SAMPLING LOCATION Lire  \ | fpant
6/18/92 o
SAMPLING TYPE \v
Ron OX | savwNaBoxMpem
CZ) 4 | SOLVENT RNSES
SAMPLE DENTFICATION COOE
T~ oo ey
" AMOUNT MPNGER WEIGHT (grams)
MPNGER SG.UTDSF MPNGER TP 'E'-"’ 366 N‘ggp
NUMBER | SOLUTION ) CONFIGLRATION |  FINAL NTIL wamrem
720X
'a 4 SG 7237|6065 | 2.7
3 > B9 oz
b 7/ 60 l A0 O /-7
| 40* (6565 7207
\
Rovision: 3/90 — — g/ -
Figure 6-8. Method 4 Train Preparation and Recovery Sheet.
| ,,6-18 ,
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Appendix B.7

Flow Calculations




SITE 2 STD METERED VOLUME (scf)........
6/18/92 MOISTIURE COLLECTED (g)..........
LINE 1 FRONT % Q2
LINE1F-RUN1 % CO
AMBIENT TEMPERATUR 72.00 %N2
BAROMETRIC PRESSUR 30.01 PERCENT MOISTURE IN STACK.....
STATIC PRESSURE (in H2 -0.10 MOLE|FRAC. of DRY STACK GAS...
OPERATOR .............. CRP DRY MOLECULAR  ...orerrreenee
METER TEMP (deg. F).... 81.25 WET MOLECULAR ......ceeerenee
METER ORIFICE dH (" H2 1.13 STACHK DIAMETER (I ....cccooovvverenne.
METERED VOLUME (cu.f 17.20 STACHK AREA (5q ft)  oveeerreerrnererennns
METER Y....cccconuunn 0.9947
| Traverse Velocity Stack Square  Stack Gas  Stack Gas
| Point Head Ts Rootjof Velocity Velocity
| Number P (in H20) (P P (fps) (fpm)
|
| Al 0.150 266 0.39 25.68 1540.73
| A2 0.140 273 0.37 2493 1495.65
| A3 0.120 269 0.35 23.02 1380.91
| A4 0.110 267 9.33 22.01 132031
| B1 0.130 266 036 2391 1434.34
| B2 0.130 270 .36 23.97 1438.29
| B3 0.120 269 ¢.35 23.02 1380.91
B4 0.120 269.00 0.35 23.02 1380.91
Averages 268.63 0.36 23.69 1421.50
STACK GAS ACTUAL VOL FLOW (acfm) 1116.44
STACK GAS STANDARD VOLFLOW (scfm) 811.26
STACK GAS STANDARD DRY|VOL FLOW (ds 759.61

16.78
24.20
19.00
2.00
79.00
6.37
0.94
29.08
2837
12.00
0.79




PLANT .. - SITE2 STD METERED VOLUME (s¢f)owc... NC

DATE .covvvannen 6/18/92 MOISTURE COLLECTED (g).weee. NC
SAMPLING LOCATION ..... LINE 1 REAR % 02 18.50
RUN .rireracanne LINEIR-RUN1 % CO2. 1.00
AMBIENT TEMPERATURE 72.00 N2 80.50
BAROMETRIC PRESSURE 30.01 PERCENT MOISTURE IN STACK....... 6.37
STATIC PRESSURE (in H2 -0.20 MOLE FRAC. of DRY STACK GAS..... 0.94
OPERATOR............ CRP DRY MOLECULAR W —— 28.90
METER TEMP (deg. F).... NC WET MOLECULARW ... — 28.21
METER ORIFICE dH (" H2 NC STACK DIAMETER (I  .ceccemcereernonene 12.00
METERED VOLUME (cu.ft. NC STACK AREA (Sqt)  eeeeeereerrecnseoms 0.79
METER Y.oeerrreree NC
| Traverse Velocity Stack Square  Stack Gas  Stack Gas |
| Point Head Ts Root of Velocity Velocity |
] Number . P (in H20) (F) | (fps) (fpm) |
| |
| A1 0.330 312 0.57 39.40 2363.90 |
| A2 0.320 297 0.57 38.42 2305.08 |
| A3 0.310 298 0.56 37.84 227027 |
| A4 0.280 298 0.53 35.96 2157.63 |
| BL 0.350 318 0.59 40.65 2439.21 |
| B2 0.340 318 0.58 40.15 2408.76 |
| B3 0.310 316 0.56 38.28 2297.08 |
B4 0.300 314.00 0.55 37.61 2256.81
Averages 308.50 0.56 38.54 2312.15
STACK GAS ACTUAL VOL FLOW (acfm) 1815.96
STACK GAS STANDARD VOL FLOW (scfm) 1250.78
STACK GAS STANDARD DRY VOL FLOW (dscf 1171.18

* ASSUMED FROM A PREVIOUS RUN



PLANT e SITE2

DATE ............

RUN cecrreenns LINE2F-RUN 1
AMBIENT TEMPERATURE 72.00
BAROMETRIC PRESSURE 30.21
STATIC PRESSURE (in H2 -0.10
OPERATOR .ceneeeeeee CRP
METER TEMP (deg. F).... 87.38
METER ORIFICE dH (" H2 1.28
METERED VOLUME (cu.ft. 14.36
METER Y...cccueueene. 0.9947

6/17/92
SAMPLING LOCATION ..... LINE 2 FRONT

STD METERED VOLUME (scf) e
MOISTURE COLLECTED (g).cevseeee

% 02

% CO

%N2

PERCENT MOISTURE IN STACK.......
MOLE FRAC. of DRY STACK GAS.....
OLECULARW .ceeenee.

DRY
WET
STAC
STAC

OLECULAR W
DIAMETER (I
AREA (sq ft)

eesescsssssresscsssevaste

Traverse Velocity Stack Squjre  Stack Gas  Stack Gas
Point Head Ts Rootjof Velocity Velocity
Number . P (in H20) (P P (fps) (fpm)

Al 0.18 224 .42 28.30 1698.26
A2 0.18 222 .42 28.26 1695.78
A3 0.19 223 X 29.06 1743.52
A4 0.19 224 .44 29.08 1744.80
AS 0.19 221 X 29.02 1740.96
A6 0.20 220 .45 29.75 1784.88
A7 0.19 230 .44 29.21 1752.44
A8 0.18 235.00 .42 28.53 1711.87
Bl 0.15 240.00 .39 26.14 1568.33
B2 0.15 238.00 .39 26.10 1566.09
B3 0.19 240.00 .44 29.42 1765.10
B4 0.18 236.00 .42 28.58 1713.10
BS 0.18 234.00 .42 28.51 1710.64
Bé6 0.16 231.00 .40 26.82 1609.31
B7 0.15 230.00 .39 25.95 1557.08
B8 0.16 230.00 .40 26.80 1608.15
Averages 229.88 .42 28.10 1685.86

STACK GAS ACTUAL VOL FLOW (acfm) 1216.03

STACK GAS STANDARD VOL FLOW (scfm) 939.47

STACK GAS STANDARD DRY VIOL FLOW (dscf 717.93

* ESTIMATED

13.95
91.30
19.00

0.05
80.95
23.58

0.76
28.77
26.23
11.50

0.72




PLANT ..cccovevann. - SITE2 STD METERED VOLUME (scf).....
DATE wcccecrerrcnane 6/17/92 MOISTURE COLLECTED (g).cceuc-..
SAMPLING LOCATION ..... LINE 2 REAR % 02
| 110), (U LINE2R-RUN1 % CO2
AMBIENT TEMPERATURE 72.00 %N2
BAROMETRIC PRESSURE 30.21 PERCENT MOISTURE IN STACK.......
STATIC PRESSURE (in H2 -0.08 MOLE FRAC. of DRY STACK GAS.....
OPERATOR............... CRP DRY MOLECULARW ... -
METER TEMP (deg. F).... 87.83 WET MOLECULAR W .
METER ORIFICE dH (" H2 1.60 STACK DIAMETER (I  cceeereecenesresens
METERED VOLUME (cu.ft. 19.63 STACK AREA (SQft)  ceereemeeneeserorns
METER Y......ccoeunuuuee 0.9947
| Traverse Velocity Stack Square  Stack Gas  Stack Gas
| Point Head Ts Root of Velocity Velocity
| Number . P (in H20) (P P (fps) (fpm)
I
| A1 0.020 286 0.14 9.51 570.53
| A2 0.020 293 0.14 9.5§ 5§73.20
| A3 0.025 292 0.16 10.67 640.43
| A4 0.025 294 0.16 10.69 641.28
| AS 0.025 300 0.16 10.73 643.83
| A6 0.045 358 0.21 14.91 894.51
| A7 0.045 346 0.21 14.83 889.56
A8 0.035 300.00 0.19 12.70 761.79
B1 0.045 330.00 0.21 14.68 880.68
B2 0.045 333.00 0.21 14.71 882.35
B3 0.050 332.00 0.22 15.49 929.49
B4 0.04S 336.00 0.21 14.73 884.02
BS 0.045 338.00 0.21 14.78 885.13
B6 0.040 300.00 0.20 13.57 814.39
B7 0.035 323.00 0.19 12.89 773.24
B8 0.035 300.00 0.19 12.70 761.79
Averages 316.13 0.19 12.92 775.36
STACK GAS ACTUAL VOL FLOW (acfm) 1082.61
STACK GAS STANDARD VOL FLOW (scfm) 743.54
STACK GAS STANDARD DRY VOL FLOW (dscf 701.57

* ESTIMATED

19.07
24.20
19.00
0.05
80.95
5.64
0.94
28.77
28.16
16.00
1.40



. SITE 2 STD METERED VOLUME (scf)........
1 7. § OO— 6/19/92 MOISTURE COLLECTED (g)..........
SAMPLING LOCATION .... LINE 3 FRONT % 02
| 14 01, S LINEJ3F-RUN1 % CO
AMBIENT TEMPERATURE 72.00 GoN2
BAROMETRIC PRESSURE 29.77 PERCENT MOISTURE IN STACK.......
STATIC PRESSURE (in H2 -0.25 MOLE FRAC. of DRY STACK GAS.....
OPERATOR.............. . CRP DRY MOLECULAR W ........ sesesessaessense:
METER TEMP (deg. F).... 82.33 WET MOLECULAR W ....eeeeeennes
METER ORIFICE dH (" H2 L.57 STACK DIAMETER (I  «cecorersamsesssesercane
METERED VOLUME (cu.ft. 13.68 STACK AREA (Sqft)  .ceeececomsansecsenene
METER Y...ccconnevns 0.9947
| Traverse Velocity Stack Square  Stack Gas  Stack Gas
| Point Head Ts Root of Velocity Velocity
|  Number . P (inH20) (F) P (fps) (fpm)
!
| Al 0.550 217 .74 47.73 2863.87
| A2 0.520 218 .72 46.45 2786.73
| A3 0.340 213 .58 37.42 2245.04
| A4 0.29%0 208 .54 34.43 2065.68
| B1 0.440 219 .66 42.76 2565.31
| B2 0.460 218 .68 43.68 2621.03
| B3 0.460 219 .68 43.72 2622.96
B4 0.370 217.00 .61 39.15 2348.95
Averages 216.13 Ll.GS 41.91 2514.43
STACK GAS ACTUAL VOL FLAW (acfm) 2592.82
STACK GAS STANDARD VOL HLOW (scfm) 2013.37
STACK GAS STANDARD DRY VOL FLOW (dscf 1912.52

13.23
14.80
19.50
0.50
80.00
5.01
0.95
28.86
28.32
13.75
1.03




PLANT e SITE2 STD METERED VOLUME (scf)ece
DATE............... - 6/19/92 MOISTURE COLLECTED (g).ccccows..
SAMPLING LOCATION .... LINE 3 REAR % 02
RUN ccnvirrecsesnn LINE3R-RUN1 % CO2
AMBIENT TEMPERATURE 72.00 FN2
BAROMETRIC PRESSURE 29.77 PERCENT MOISTURE IN STACK.......
STATIC PRESSURE (in H2 -0.18 MOLE FRAC. of DRY STACK GAS.....
OPERATOR .....cccceeuee CRP DRY MOLECULAR W ...erecercarene
METER TEMP (deg. F).... NC WET MOLECULARW .........eeereee
METER ORIFICE dH (" H2 NC STACK DIAMETER (I .cecccreenenenrcaoreee
METERED VOLUME (cu.ft. NC STACK AREA (Sqt)  wooovecereorerrrerne .
METER Y...coveenierenn NC
| Traverse Velocity Stack Square  Stack Gas  Stack Gas
| Point Head Ts Rootof  Velocity Velocity
| Number . P (in H20) (F) P (fps) (fpm)
|
| Al 0.290 226 0.54 34.88 2092.93
| A2 0.300 227 0.55 35.50 2130.26
| A3 0.250 225 0.50 32.36 1941.82
| A4 0.190 201 0.44 27.72 1662.91
| B1 0.220 208 0.47 29.98 1798.83
| B2 0.250 209 0.50 31.98 1919.00
| B3 0.260 210 0.51 32.64 1958.46
B4 0.230 208.00 0.48 30.65 1839.26
Averages 214.25 0.50 31.95 1917.20
STACK GAS ACTUAL VOL FLOW (acfm) 2512.22
STACK GAS STANDARD VOL FLOW (scfm) 1956.69
STACK GAS STANDARD DRY VOL FLOW (dscf 1859.42

* ESTIMATED

NC
NC
19.50

0.50 *

80.00
4.97
0.95

28.86

28.32

15.50
131



PLANT ... . ...l SITE 2 STD METERED VOLUME (sdf)

DATE .......cciiiiiinn 6/18/92 MOISTURE COLLECTED (g)f..........
SAMPLING LOCATION ..... COMFORT HOQD 02, ..l

RUN ..o C.H.-LINE#1-RUN1L %$C02.... ... ...

AMBIENT TEMPERATURE ... 70.00 ANZ.
BARQMETRIC PRESSURE ... 30.01 PERCENT MOISTURE IN STACK
STATIC PRESSURE (in Hz20) 0.00 MOLE FRAC. of DRY STACK GAS
OPERATOR .............. CRP DRY MOLECULAR WEIGHT............
METER TEMP (deg. F}.... NC WET MOLECULAR WEIGHT..|..........
METER ORIFICE dH (" H20) NC STACK DIAMETER (IN) ..|..........
METERED VOLUME (cu.ft.). NC STACK AREA (sq ft) ..|.........
METER Y................. NC

Traverse Velocity Stack Square Stack Gas Stack Gas

Point Head Ts Root of Velocity Velocity
Number DP (in H20) (°F) pP (fps) (fpm)
Al 207 200.00
A2 207 100.00
A3 207 50.00
Bl 207 200.00
B2 207 200.00
B3 207 100.00
Averages 207.00 141.67
STACK GAS ACTUAL VOL FLOW (acfm) 467.47
STACK GAS STANDARD VOL FLOW (scfm) 371.186
STACK GAS STANDARD DRY VOL FLOW (dscfm) 363.73
* ESTIMATED
** VELOCITY AND FLOW MEASUREMENTS NOT MADE ACCORDING TO
EPA REFERENCE METHODS 1 & 2. COMFORT HOODS EXHAUSTS
VENTED DIRECTLY TO ATMOSPHERE FOLLOWING THE FAN. VELOCITY

MEASUREMENTS MADE AT 3 POINTS ALONG 2 RADAII OF A

ANNULAR TYPE AREA. FLOW MEASUREMENTS MADE WITH A HOT WIRE

ANEMOMETER (see below).
NOTE: FAN OFF

20.
.00
79.
.00
.98
28.
28.

NC
NC
80

00

81

59
NA

.30




PLANT ..., SITE 2

DATE ......oivviiiinns. 6/18/92
SAMPLING LOCATION ..... COMFORT HOOD
RUN ...t C.H.-LINE#3-RUN1
AMBIENT TEMPERATURE ... 70.00
BAROMETRIC PRESSURE ... 30.01
STATIC PRESSURE (in H20)} 0.00
OPERATOR .............. CRP
METER TEMP (deg. F).... NC
METER ORIFICE dH (" H20) NC
METERED VOLUME (cu.ft.). NC
METER Y................. NC

WET MOLECULAR WEIGHT............

STACK DIAMETER (IN)
STACK AREA (sq ft)

| Traverse Velocity - Stack Square Stack Gas Stack Gas
| Point Head Ts Root of Velocity Velocity
| Number DP (in H20) (°F) DP (fps) (fpm)
|
| A1 100 400.00
| A2 100 200.00
| A3 100 50.00
| B1 100 400.00
| B2 100 200.00
| 83 100 100.00
Averages 100.00 225.00
STACK GAS ACTUAL VOL FLOW (acfm) 742.45
STACK GAS STANDARD VOL FLOW (scfm) 702.12
STACK GAS STANDARD DRY VOL FLOW (dscfm) 688.07

* ESTIMATED

** VELOCITY AND FLOW MEASUREMENTS NOT MADE ACCORDING TO
EPA REFERENCE METHODS 1 & 2.

VENTED DIRECTLY TO ATMOSPHERE FOLLOWING THE FAN.

COMFORT HOODS EXHAUSTS
VELOCITY

MEASUREMENTS MADE AT 3 POINTS ALONG 2 RADAII OF A

ANNULAR TYPE AREA.

NOTE: FAN OFF

FLOW MEASUREMENTS MADE WITH A HOT WIRE
ANEMOMETER {see below).

20.

79.

NC
NC
80 *

00

0.98

28,
28.

81
59
NA

.30



PLANT ..........oiial, SITE 2 STD METERED VOLUME (scif)........

DATE ...ttt 6/18/92 MOISTURE COLLECTED (gM..........
SAMPLING LOCATION ..... COMFORT HOOD ®02... .o,
RUN ... C.H.-LINE#2-RUN1 $C02.. ...
AMBIENT TEMPERATURE ... 70.00 4 Y
BAROMETRIC PRESSURE ... 30.01 PERCENT MOISTURE IN STACK.......
STATIC PRESSURE (in H20) 0.00 MOLE FRAC. of DRY STACK GAS.....
OPERATOR .............. CRP DRY MOLECULAR WEIGHT..L.........
METER TEMP (deg. F).... NC WET MOLECULAR WEIGHT..{.........
METER ORIFICE dH (" H20) NC STACK DIAMETER (IN) ..L.........
METERED VOLUME (cu.ft.). NC STACK AREA (sq ft) ..[.........
METER Y.. ...ttt NC

Traverse Velocity Stack Square Stack Gas Stack Gas

|
| Point Head Ts Root of Velocity Jelocity
| Number DP {in H20) (°F) P (fps) (fpm)
I
| A1 106 2500.00
| A2 106 , 1500.00
| A3 106 500.00
| B1 106 3500.00
| B2 106 2500.00
| B3 106 1000.00
Averages 105.50 1916.67
STACK GAS ACTUAL VOL FLOW (acfm) 6324.56
STACK GAS STANDARD VOL FLOW (scfm) 5822.82
STACK GAS STANDARD DRY VOL FLOW (dscfm) 5804.37

* ESTIMATED
** VELOCITY AND FLOW MEASUREMENTS NOT MADE ACCORDING TO
EPA REFERENCE METHODS 1 & 2. COMFORT HOODS EXHAUSTS
VENTED DIRECTLY TO ATMOSPHERE FOLLOWING THE FAN. VELOCITY
MEASUREMENTS MADE AT 3 POINTS ALONG 2 RADAII OF A
ANNULAR TYPE AREA. FLOW MEASUREMENTS MADE WITH A HOT WIRE
ANEMOMETER (see below).




PLANT .. ... ...l SITE 2 STD METERED VOLUME {scf)........

DATE .......ooivvnnn. 6/17/92 MOISTURE COLLECTED (g)..........
SAMPLING LOCATION ..... COMFORT HOOD %02
RUN ... i, C.H.-LINE#2-RUN2 %C02. ..
AMBIENT TEMPERATURE ... 70.00 AN
BAROMETRIC PRESSURE ... 30.21 PERCENT MOISTURE IN STACK.......
STATIC PRESSURE (in H20) 0.00 MOLE FRAC. of DRY STACK GAS.....
OPERATOR .............. CRP DRY MOLECULAR WEIGHT............
METER TEMP (deg. F).... NC WET MOLECULAR WEIGHT............
METER ORIFICE dH (" H20) NC STACK DIAMETER (IN) ............
METERED VOLUME (cu.ft.). NC STACK AREA (sq ft) ............
METER Y................. NC

Traverse Velocity Stack Square Stack Gas Stack Gas

|
| Point Head Ts Root of Velocity Velocity
| Number DP (in H20) (°F) DP (fps) (fpm)
|
| A 0.470 110 0.69 39.98 2398.95
| A2 0.270 106 0.52 30.20 1811.86
| A3 0.080 110 0.28 16.50 983.73
| B1 0.420 107 0.85 37.70 2261.78
| B2 0.300 107 0.55 31.86 1911.56
| 83 0.050 108 0.22 13.02 781.08
Averages 0.27 108.00 0.48 28.2108 1692.65
STACK GAS ACTUAL VOL FLOW (acfm) 5585.35
STACK GAS STANDARD VOL FLOW (scfm) 5242.24
STACK GAS STANDARD DRY VOL FLOW (dscfm) 5137.40

* ESTIMATED

** VELOCITY AND FLOW MEASUREMENTS NOT MADE ACCORDING 10
EPA REFERENCE METHODS 1 & 2. COMFORT HOODS EXHAUSTS
VENTED DIRECTLY TO ATMOSPHERE FOLLOWING THE FAN. VELOCITY
MEASUREMENTS MADE AT 3 POINTS ALONG 2 RADAII OF A
ANNULAR TYPE AREA (see below).
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Appendix B.9

Method 25A SCR Copies
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